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(54) starting control apparatus for internal combustion engine 



(57) When a first motor MQI cranks and starts an 
engine 1 50 that is in the cold, the revolving speed of the 
engine does not increase quickly 150. It is accordingly 
required to control the first motor MGl. in order to pre- 
vent electric power 194 stored in a battery from being 
wasted. A starting control apparatus does not cause the 
first motor MGl to output a torque conresponding to a 
difference between a target revolving speed and an 
actual revolving speed Ne of the engine 150. but gradu- 
ally inaeeses a target torque STG by the open-loop 
control and restricts the magnitude of the target torque 
STG to a preset maximum torque STGMAX. which 
d^Dends upon a cooling water temperature Tw of the 
engine 1 50. When the engine 1 50 is in the cold, the high 
viscosity of lubricant causes the revolving speed of the 
engine 150 not to quiddy increase In response to the 
high tai^et torque set to the first motor MGl. In this 
case, the maximum of the target torque is restricted to a 
smaller value, so as to prevent the electric power stored 
in the battery 194 from being vvasted. The injection 
allowable revolving speed, at which the fuel irijection to 
the engine 150 is allowed to start is also set equal to a 
small value. This causes the engine 150 to start self 
driving at an eariier timing, thereby saving the electric 
power consumed t>y the first motor MGl. 



Fiff. 9 




lij 



pnmetJ by Xerex (UK) Buslntss S«fvla3 
2.18.7/3.6 



EP0903492A2 

Description 

BACKGROUND OF THE INVENTION 

6 1 . Field of the Invention 

[0001] The present invention relates to an apparatus that starts an internal combustion engine that is linked vinth a 
rotating shaft of a motor via a damper, a starting control method, and a starting control af^Daratus for a hyk)nd vehicle 
with an interna) combustion engine arxJ a motor mounted thereon. 

10 

2. Description of the Related Art 

[0002] A typical structure to start an internal combustion engine mounted on a veNde cranks the interna] combustion 
engine with a self-starting motor, which is specifk;ally used for starting and linked with a rotating shaft of the internal 

15 combustion engine, and simultaneously feeds a supply of fuel. The self-starting motor is a small-sized motor for starting 
tl^ internal combustion engine and enables the internal combustion engine to be rotated only to a significantly lower 
revolving speed (several hundred rpm) than an idle speed. The internal combustk>n engine is driven to a certain level 
of revolving speed that enables subsequent self starting and driving, through combustion of the supplied fuel. 
[0003] In a hybrid vehicle which has an internal combustion engine and a motor mounted thereon and outputs a power 

20 for driving at least from the motor, some proposed systems do not have a self-starting motor specif k»Uy used for start- 
ing but uses a motor that is linked with a rotating shaft of an internal combustion engine to start the internal combustfon 
engine (for example. JAPANESE PATENT LAID-OPEN GAZETTE Na 6-144020 and Na 9-222064. In this system, the 
rotating shaft of the internal combustion engine is linked with a rotating shaft of a first motor via a first clutch, whereas 
the rotating ^aft of the first motor is connected via a second clutch with a drive shaft that is mechanically linked with 

25 wheels. A second motor is further connected to the drive shaft. At the time of starting the internal combustion engine, 
while the first clutch is engaged and the second clutch is released, the first motor cranks or motors the internal combus- 
tion engine prior to a supply of fuel. When the revolving speed of the internal combustion engine becomes equal to or 
greater tiian a preset value, the supply of fuel Is fed to the internal combustion engine, which subsequently starts 
though the oompressbn and comtxistlon of the air/fuel mixture. After tiie start of the internal combustion engine, the 

so first motor is driven as a generator with the power output from the internal combustion engine to charge the battery or 
to output the power directiy to the drive shaft and drive the vehicle white the second clutch Is engaged. 
[0004] In the conventional starting control apparatus for the hyt)rkj vehicle, however, a large load is applied to tiie bat- 
tery. The battery is exposed to an excessive foad especially when the internal combustion engine has poor startability. 
This is ascribed to the following reasons: 

35 

(1) In the hyk>rid vehicle, the motor is larger In size than the conventfonal self-starting motor and ooreumes a 
greater anxxint of electric power; 

(2) In the hybrid vehicle, the rotor of the motor, which has a signifk:antiy larger mass than that of the self-starting 
motor, is connected to the rotating shaft of the engine. This often causes torsional resonance. A large torque is out- 

40 put from the motor, in ader to enabUe the revolving speed of the internal combustion engine to qukMy pass through 
the range of possible torsfonal resonance. This increases the electric power consumed by the motor. 

(3) In the hybrid vehicle, the motor can increase the revolving speed of the nitemal comtxjstion engine to a higher 
level than that in the conventional vehicle. The supply of fuel to the internal combustion engine arxi the a>mbustion 
of tiie air/fuel mixture accordingly start at the higher revolving speed, since the start of combustion at the higher 

45 revolving speed improves the emissfon. The increase in revolving speed of the internal combustion engine to the 
higher level, however, increases the amount of electric power consumed by the motor. 

[0005] Among tiiese problems, (2) and (3) are not negltgtole especially when the internal combustion engine is in the 
cold. When the Internal combustion engine is in the ooU, the high viscosity of lut>ricant causes the revolving speed of 
50 the internal combustion engine not to quk:kly increase, in response to supply of electric cunent to allow output of a large 
torque from the motor. A large electric power is accordingly consumed before the revolving speed reaches a preset level 
(for example. 800 rpm). The problems (1) through (3) are not only ot)served in the hyt>rid vehicle but in any other struc- 
tures that use a large-sized self-starting nx^tor. 

[0006] One proposed countermeasure uniformly limits the supply of electricity from the battery according to the 
65 elapse of time (for example. JAPANESE PATENT LAID-OPEN GAZETTE Na 63^97767). This unifonn limitation is. 
however, not practical, since a littie more continuance of cranking may start the internal oomkxistion engine. Espedally 
In the case of the large-sized self-starting motor, one cranking operation consumes a large anx>unt of electric power. 
Several tries of starting with limitation of the cranldng time cause the tattery to be exposed to a greater load. 
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SUMMARY OF THE INVENTION 

[0007] The object of the present invention is to stert an internal combustion engine without causing a battery to be 
exposed to an excessive load even when the internal cont)ustk>n engine is In tfie cold. 

5 [0008] The present invention realizes at least part of the above and the other related objects, based on the following 
two principles. The first principle is that the output torque of the motor fbr rotating the internal combustion engine is 
restricted to a smaller value in response to the lower startability of the Internal combustion engine. The second principle 
is that the supply of electricity is restricted when the output torque of ttie motor does not have a negative value during 
a starting control operation. These principles are favorably applicable to the internal contxistion engine having a start- 

10 ing motor, as the starting control apparatus fbr the internal combustion engine or the method of starting the internal 
conrtxistion engine especially in the hybrid vehicle, as discussed below. 

[0009] The present invention is directed to a frst starting control apparatus for an internal combustion engine that 
rotates the internal combustion engine, which is connected via a damper with a rotating shaft of a nrxrtor driven by a 
battery, with the motor so as to start the internal combustion engine. The first starting control apparatus includes: a 
IS startability detection unit that detects a parameter relating to startability of the intemal combustion engine; and an out- 
put torque restriction unit that restricts an output torque of the motor for rotating the Intemal contxistion engine to a 
smaller value, in response to lower startability of the internal combustion engine specified from the parameter detected 
by the internal combustion engine startability detection unit. 

[001 0] The present invention is also directed to a first method of starting an internal combustion engine, whidi corre- 
20 spends to the first starting control apparatus. The first method rotates an internal combustion engine, which is con- 
nected via a danper with a rotating shaft of a motor driven by a battery, wfth the motor so as to start the internal 
combustion engina The first method includes the steps of: (a) detecting a parameter relating to startability of the inter- 
nal combustion engine; and (b) restricting an output torque of the motor fbr rotating the intemal combustion engine to 
a smaller value, in response to lower startability of tiie internal combustion engine specified from the parameter 
25 detected in the Step (a). 

[001 1 ] In the first starting control apparatus fbr the internal combustion engine and the corresponding first method, in 
response to the lower startalality of the internal combustion engine, tiie output torque of the motor fbr rotating the inter- 
nal combustion engine is restricted to a smaller value. This anangement effectively prevents ttie electric power from 
being wasted when the internal combustion engine has poor startability and the revolving speed of the internal combus- 

30 tion engine is not quickly inaeased by application of the torque from tiie motor. 

[0012] It is preferable that the supply of fuel to the internal combustion engine starts at the lower revolving speed In 
response to the lower startability of the internal combustion engine. This anangement effectively prevents the woXor 
from being driven over a long time period prior to a start of the fuel supply and excessively consuming the electric power 
of the battery. The Intemal combustion engine that receives the supply of fuel tries self rotation through the combustion 

35 of tiie air/fuel ratio. In the state of full combustion, tiie internal combustion engine starts self driving. 

[0013] In tiie first starting control apparatus fbr the internal comkxistion isngine and the con-esponding first method, 
the parameter relating to tiie startability of the internal combustion engine may be a temperature of the internal com- 
bustion engine. The startability of the internal combustion engine is affected by the adhesion of the supplied fuel to an 
intake port or the viscosity of lubrtoant, so that tiie temperature of the intemal combustion engine is a preferable param- 

40 eter relating to tiie startability of tiie intemal contxistion engina The cooling water temperature, tiie temperature of 
lubricant, or the intake air temperature may bB used as the temperature of the internal combustion engine. 
[0014] In accordance with one preferable applkation, the first starting control apparatus further includes: a full com- 
bustion determination unit for determining that the internal combustion engine is in a state of full combustion. k>as6d on 
a driving condition of the internal contxistion engine; a time count unit fbr determining that a predetermined time perkxJ 

45 has elapsed since a start of cranking the internal combustion engine by tiie motor; and a starting control discontinuance 
unit that cuts off a supply of electricity from tiie battery to the motor and once stops starting control of the internal com- 
bustion engine, when the full combustion determination unit determines that the internal combustion engine \s not in the 
state of full contxistion while the time count unit determines that tiie predetemiined time period has elapsed. 
[001 5] Ihe starting control apparatus of this preferable structure determines that the internal contxistion engine is in 

50 the state of full combustion, and cuts off the supply of electricity from the battery to the motor and stops the starting 
control of the internal contxistion engine, when the internal contxistion engine does not fall into tiie state of full com- 
bustion within the predetermined time period. This anrangement effectively prevents the electric power of tiie battery 
from being consumed over a long time perkxJ witiiout causing the internal combustion engine to fall into tiie state of full 
combustion. 

65 [001 6] In accoftlance with one preferable structure, tiie full combustion determination unit includes a torque measur- 
ing unit that measures an actual output torque of the motor as the driving condition of tfie intemal combustion ermine. 
The full cont)ustion determinatkm unit determines that tiie intemal combustion engine is in the state of full combustion 
when the actual output torque measured by the torque detection unit has a negative value. The output torque of the 
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motor is regulated at the time of starting the internal combustion engine The measurement of the actual output torque 
thus assures the determination of whether or not the internal combustion engine is In the state of fuU combustion. 
[(KM 7] In the starting control apparatus that carries out the full combustion determination, it is preferable that a greater 
value is set to the predetenmined time period, which is a target of the determination by the time count unit in response 

6 to the lower startatxifty of the internal combustion engine specified from the parameter. As Is krxiwn. the lower starta- 
bility results in extending the time period required for the full combustion. In this case, the uniform discontinuance of the 
starting control after the elapse of the preset time period may cause the electric power of the battery to be wastefully 
consumed. This preferat>le anangement extends the time period for the full coni)ustion determination in the case of the 
lower startabiiity, thereby enabling the accurate and efficient determination of starting the internal combustion engine. 

10 The predetermined time period for the full combustion determination may be based on the time or the integrated revolv- 
ing speed of the internal combustion engine. 

[0018] Another preferable structure estimates an amount of ele^rtc power suppllable from the k>attery and sets a 
greater value to the predetermined time period, which is a target of the determination by the time count unit, fa the 
greater amount of estimated electric power. When it is assumed that the large electric power is suppliable from the bat- 
15 tery, the time period for stating control is extended. The starting control can be continued in the case where the suppli- 
able electric power is sufficient. This arrangement effectively prevents the supply of electricity from the battery from 
being cut off while a little more continuance causes the internal combustion engine to fall into tiie state of full combus* 
tion. This prevents the electric power from being wasted. 

[0019] The electric power suppliable from the battery is generally estimated in the process of ccmtrol of the battery. 
so Another available technique measures the suppliable electric power directiy. Still another available technique measures 
the temperature of tiie battery and corrects the estimated value of siw^iable electric power to a higher value at the 
higher ot)served temperature. 

[0020] Still another preferable structure integrates electric power consumed by the battery since the start of cranking 
and determines that tiie predetermined time period has elapsed when the intefi^ed electric power reaches a preset 
25 reference value. This structure enables the electric power of the battery to be eff identiy used for cranking without caus- 
ing exc^ive discharge. 

[0021] in this case, one preferat)!e structure measures the temperature of the battery, and corrects the preset refer- 
ence value, which is used for the full combustion determination, to a smaller value at the kiwer obsen^ed battery tem- 
perature. When a decrease in peribrmance off the battery is expected, for example, when the vehteie is in the coM. the 
so full conixistion determination is carried out at an earlier timing. This an'angement discontinues the consumptk>n of 
electric power when the internal combustion engine is not in the state of full combustion. This prevents the battery from 
being exposed to the excessive k)ading. 

[0022] Anctiier preferable applk^ation of the first starting control apparatus adjusts an open-dose timing of an air 
intate valve of the internal combustion engine, in order to lower an effective compressnn ratio of the internal combus- 
ts tion engine, at a time of starting the internal conix^on engine. The decrease In effective compression ratio deaeases 
the loading seen from the motor and enables the revolving speed of the Internal combustion engine to quickly increase. 
[0023] The starting control apparatus for the internal combustion engine is appik^e to the conventional structure 
that starts tiie internal corrtxistion engine witii a self-starting motor, but is espiddally effective in tiie hyt^id vehKle 
where tiie motor, whk:h adds a torque to the output of the internal combustion engine and regenerates electric power 
40 from the output of the internal combustion engine or the braking force, is attached to the output shaft of the internal com- 
bustion ertgine. In the hybrkU vehk;le, it is required to quickly increase tiie revolving speed of the internal combustion 
engine at ttie time of starting the internal combustion engine, because of tiie possibility of torsk)nal resonance, as 
desaift)ed below. 

[0024] The crankshaft or output shaft of the internal combustion engine is generally a resilient body, which has a mass 
45 distribution, and thereby forms a vft>rational system of infinite degree of freedom. A torque variation due to the combus- 
tion or the reciprocating motions of the piston causes torsnnal vibratior^ When the natural frequency and the forced 
frequency of the axis coincide witii each ottier. torsional resonance occurs. An increase in amplitude of the torskHial 
vibration causes a foreign noise or wear of ttie gear in the crankshaft system and, in some cases, a fetigue of the crank- 
shaft. The torsional resonance often occurs when the revolving speed of tiie crankshaft is less than an MIe speed. In 
BO the apparatus that motors the internal corrixjstion engine with the motor that is connected to the crankshaft of the inter- 
nal combustk)n engine via a damper, tiie torsional resonance accordingly occurs at the time of starting tiie internal com- 
bustion engine. 

[0025] In the hybrid vehicle where the torstonal resonance often occurs, the h^h torque is output from the motor, in 
order to enable ttie revolving speed of the internal contxistion engine to quk^Wy pass through tiie range of possUe tor- 
es sional resonance at the time of starting the internal combustion engine. This causes the large power consumption of 
the battery. The above structures accordingly have significant effects on prevention of wasteful power consumption. 
[0026] As described above, tttere is a unique problem in the hybrkl vehk^le where ttie motor, whk;h adds a torque to 
tiie output of ttie Internal combustion engine and regenerates electrk; power from the output of the internal combustion 
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engine or the braking force, is attached to the output shaft of the rntemal combi^tion engine. The present invention is 
accordingly directed to a second starting control apparatus that starts an internal combustion engine with a motor, in a 
hybrid vehicle having the internal contxistion engine, which Is connected via a damper with a rotating shaft of the motor 
driven by a battery. The second starting control apparatus Includes: a torque control unit that controls an output torque 
5 Of the motor, based on a relationship between an output torque of the internal combu^ion engine and a torque required 
for the drive shaft; a torque detection unit for delecting that the output torque of the nwtor has a negative value; and an 
supp\y of electricity limiting unit that causes the torque detection unit to cany out the determination while the motor 
cranks the Internal combustion engine, and limits a siq^pty of electricity from a battery to the motor when the output 
torque of the motor does not have a negative value. 
10 [0Q27] The present invention is also directed to a second method of starting an internal combustion engine, which 
correqsonds to the second starting control apparatus. In a hybrid vehicle having an internal combustion engine, whk:h 
is connected via a damper with a rotating shaft of a mota driven by a battery, the second method rotates the internal 
combustion engine with the motor so as to start the internal combustion engine. The second method includes the steps 
of: controlling an output torque of the motor, t>ased on a relationship between an output torque of the internal combus- 
ts tion engine and a torque required for the drive shaft; determining that the output torque of the motor has a negative 
value while the motor cranks the Internal combustion engine: and cutting off a supply of electricity from a battery to the 
motor when the output torque of the motor does not have a negative value. 

[0028] In the second starting control apparatus and the corresponding second method, it is determined whether or 
not the output toique of the nriotor has a negative value. In the case where the output torque does not have a negative 
20 value, it is determined that the internal combustion engine has not started yet, and the supply of electrk;tty to the motor 
Is restricted. TTiis structure readily and accurately carries out the full combustion determinatfon based on the output 
torque of the motor, thereby ensuring the appropriate starting control without causing the t>attery to be exposed to the 
excessive loading. 

[0029] In accordance with one preferable application, the second starting control apparatus further includes a time 
25 count unit for determining that a predetermined time period has elapsed since a start of cranking the internal combus- 
tion engine by the motor, wherein the sippiy of electricity limiting unit causes the torque detection unit to can-y out the 
determination at a specific time point when the time count unit determines that the predetermined time period has 
elapsed, and cuts off a supply of electricity from the battery to the motor, so as to stop the cranking of the internal com- 
bustion engine, when the output torque of the motor does not have a negative value at the specif k: time point, 
so [0030] This arrangement enables the full oontxjstfon determination to be earned out at a desired timing. When the 
output torque of the motor does not have a negative value, this structure cuts off the supply of electricity and thereby 
prevents the battery from being exposed to the excessive loading. 

[0031] The preferable structures of the first starting control apparatus discussed above are also applk^able to the sec- 
ond starting control apparatus. One possible structure detects a parameter relating to the startabllity of the internal 
35 contbustion engine and adjusts the predetermined time perfod for the full combustion determination. Another possible 
structure estimates the etectrk; power suppliable from the battery and extends the predetermined time period based on 
the estimated value, ft is also preferable to con-ect the estimated value of suppliable electric power to a higher value at 
the higher observed battery temperature. 

[0032] Still another possible structure integrates electric power consumed by the battery since the start of cranking 
40 and determines that the predetermined time period for full combustion determination has elapsed when the integrated 
elecb'k: power reaches a preset reference value. In this structure, it is preferable that the preset reference value is spec- 
ified by taking into account the battery temperature. 

[0033] Another preferable application of the second starting control apparatus adjusts the open-dose timing of the air 
intake valve of the internal combustfon engine, in order to fower the effective compressfon ratio of the internal combus- 
ts tton engine, at the time of starting the internal combustion engine. 

[0034] The first starting control apparatus for the Internal conftxistion engine is applicable to the hytxid veNde. The 
present invention is accordingly directed to a first starting control apparatus for a hybrcl vehicle, whk?h starts an internal 
combustion engine in a hybrid vehicle that takes out power of the Internal combustion engine in an electrical form and 
outputs power of a motor at least to a drive shaft of the vehicle. The first starting control apparatus for the hybrid vehkde 
so indudes: a motor that cranks the internal combustion engine at a start of the internal oombustion engine: a starting-time 
fuel supply unit that controls a supply of fuel to tiie internal combustion engine, simultaneously wfth cranking of the inter- 
nal combustion engine by the motor; a startabllity detection unit that detects a parameter relating to startabllity of the 
internal combustion engine; and an output torque restriction unit that restricts an output torque of the nv>tor for rotating 
the internal combustion engine to a smaller value at the time of cranking, in response to fower startabllity of the internal 
£s combustion engine specified from the parameter detected by the internal combustion engine startabirity detection unit. 
[0035] The present invention is further directed to a second starting control apparatus for a hybrkJ vehtole. whch cor- 
responds to the second starting control apparatus for tiie internal combustion engine. The second starting control appa- 
ratus starts an internal combustion engine in a hybrid vehide tiiat takes out power of tiie internal contxjstion engine in 
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an electrical form and outputs power of a nxrtor at least to a drive shaft of the vehicle. The second starting control appa- 
ratus includes: the motor that cranks the internal combustion engine at a start of the internal combustion engine; a start- 
ing-^me fuel supply unit that controls a supply of fuel to the internal combustion engine, simultaneously with cranking 
of the internal conixistion engine by the motor; a torque control unit that controls an ou^jut torque of the motor. t>ased 
5 on a relationshp between an output torque of the internal comtnistion engine and a torque required for the drive shaft: 
a torque detection unit for detecting that the output torque of the nrtotor has a negative value; and an electricity cut-off 
unit that causes the torque detectfon unit to carry out the determinatton while the motor wanks the internal combustion 
engine, and cuts off a supply of electricity from a battery to the motor when the output torque of the motor does not have 
a negative value. 

10 [0036] These apparatuses can start the internal combustion engine in the hybrid vehicle without causing the battery 
to be exposed to an excessive foad. 

[0037] These and other objects, features, aspects, and advantages of the present invention will become more appar- 
ent from the following detailed desaiption of the prefened embodiments with the accompanying drawings. 

IS BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] 

Fig. 1 schematically illustrates the structure of a vehicle with a power output apparatus 110 mounted thereon as an 
20 embodiment according to the present invention: 

Fig. 2 illustrates the structure of the power output apparatus 1 1 0 induding a planetary gear 120, a first motor MG1 . 
a second nfK}tor MG2. and a controller 180; 

Fig. 3 is an enlarged view illustrating the planetary gear 120. the first motor 1^1. and the second nrKrtor MG2 of 
the power output apparatus 1 10; 
2$ Fig. 4 is a flowchart showing a starting control routine In the first embodiment; 

Fig. 5 is a flowchart showing the details of the processing for setting a target torque STG of the first nx)tor MGl at 
step S40 in the flowchart of Fig. 4; 

Fig. 6 is a f kiwchart showing a revolving speed determination routine that determines wheth^ or not the revolving 
speed Ne of the engine ISO has exceeded a predetermined value N1: 
30 Fig. 7 is a table showing a relationship between the cooling water temperature Tw of the engine 150 and the max- 
imum torque of the first motor MGl at the tinrre of starting the engine 150. which is used in the first embodiment; 
Fig. 8 is a graph showing another available relationship between the cooling water temperature Tw and the maxi- 
mum torque; 

Fig. 9 is a graph showing the revolving speed Ne of the engine 150. the target torque STG, and permission and 
55 prohibition of fuel injection in the first embodiment; 

Fig. 10 is a flowchart showing a fuel injection timing determination routine; 

Fig. 1 1 is a table showing a relationship between the cooling water temperature Tw of the engine 140 and the injec- 
tion-allowable revolving speed SNEF, which is used in the first embodiment; 

Fig. 12 is a graph showing another available relationship between the cooling water temperature Tw and the injec- 
40 tion-allowable revolving speed SNEF; 

Fig. 13 is a flowchart showing a full combustion determination routine that determines whether or not the engine 

150 is in the full combustion state: 

Fig. 14 is a map showing the limit value Tmax plotted against the remaining charge BRM of the battery 194; 

Fig. 15 is a flowchart showing a timer routine for counting a timer Tcsc; 
45 Fig. 1 6 is a table showing a relationship between the cooling water temperature Tw of the engine 1 50 and tfie preset 

value Tsst representing the time perkxl for full combustion determination, whk^ is used in the first embodiment: 

Fig. 17 illustrates a valve overlap variaksle mechanism adopted in the first embodiment; 

Fig. 18 Is a graph showing the conrection coefficient kw plotted against the cooling water temperature Tw of the 

engine 150. which is used in a second embodiment according to the present inventfon; 
50 Fig. 1 9 is a flowchart showing a processing for correcting the limit value Tmax with the conectfon coeff kaent kw in 

the second embodin^ent; 

Fig. 20 is a graph showing a relationship between the battery temperature Tb and the conrection coeffntent M:>. 
which is used in a modification of the second embodiment; 

Fig. 21 is a flowchart showing a full combustion determination routine executed in a third embodiment according to 

65 the present invention: 

Fig. 22 is a graph showing a relationship between the battery temperature Tb and the ojnection coefficient kwb, 

which is used in the third embodiment; 

Fig. 23 is a f fowchart showing the details of the processing for controlling operation of the first motor MGl at step 
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S50 in the flowchart of Fig. 4; 

Fig. 24 is a nomogram showing the state in which the engine t50 is at a stop and the vehicle is driven only Ijy the 
power output from the second motor MG^; 

Fig. 25 is a nomogram showing the state in which the engine 1 50 is being motored by the first motor MQI while the 
5 vehicle is driven only by the power output from the second motor MQ2; 

Fig. 26 schematically illustrates the structure of another power output apparatus 210 connected to the engine 150; 
Fig. 27 is a flowchart showing part of the starting control routine executed by the power output apparatus 210: and 
Fig. 28 schematicaDy illustrates the structure of stiil another power output apparatus 310 connected to the engine 
150. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0039] Some modes of carrying out the present invention are discussed below as prefen'ed embodiments. Fig. 1 sche- 
matically illustrates the structure of a vehicle with a power output apparatus 1 10 mounted thereon as an embodiment 

IS according to the present invention. As illustrated in Fig. 1 , the vehicle is provided with an engine 1 50 whi^ consumes 
gasoline as a fuel and outputs power. The air Ingested from an air supply system via a throttle valve 166 is mixed with 
a fuel, that is, gasoline in this embodiment, injected from a fuel injection valve 1 51 . The air/fuel mixture is supplied into 
a combustion chanrt)er 154 via an air intake valve 152 to be explosively ignited and burned. Linear motion of a piston 
155 pressed down by the combustion of the air/fuel mixture is converted to rotational nwtion of a aankshaft 156. The 

20 throttle valve 166 is driven to open and dose by an actuator 168 and regulates the amount of the ingested air. An igni- 
tion plug 162 converts a high voltage applied from an igniter 158 via a distributor 160 to a spark, which exptosively 
ignites and combusts the air/fuel mixture. 

[00401 The engine 150 is provided with an open-close timing changing mechanism 153 that changes tfie open and 
close timing of the air intate valve 152. The open-dose timing changing mechanism 153 leads or lags the phase of an 

25 intake cam shaft (not shown) . which opens and doses the air intake valve 1 52, relative to a crank angle, so as to regu- 
late the open and close timing of the air intake valve 152. An electrons control unit (hereinafter refen-ed to as the 
EFIECU) 170 feedback controls the lead angle and the lag angle of the phase of the intake cam shaft to attain a target 
phase, based on a signal output from a cam shaft position sensor T 73. which measures the po^on of the intake cam 
shaft. A concrete structure of the open-dose timing changing mechanism 153 will be described later. 

30 (0041 ] The operation of the engine 1 50 is controlled by the EFIECU 1 70. The EFIECU 1 70 receives information from 
various sensors, which detect operating conditions of the engine 150. These sensors include a throttle valve position 
sensor 167 for delecting a valve travel or position of the throttle valve 166, a manltoW vacuum sensor 1 72 for measuring 
a load applied to the engine 150. the cam shaft position sensor 173 for measuring the po6itk>n of the intake cam shaft, 
a water tenperature sensor 1 74 for measuring the temperature of cooling water in the engine 1 50. and a speed sensor 

35 1 76 and an angle sensor 1 78 mounted on the distributor 160 for measuring the revolving speed (the number of revolu- 
tions per a predetermined time period) and the rotational angle of the crankshaft 156. A starter switch 179 for detecting 
a starting condition ST of an igr^on key (not shown) is also connected to the EFIECU 1 70. Other sensors and switches 
connecting with the EFIECU 170 are omitted from the illustration. 

[0042] The crankshaft 1 56 of the engine 1 50 is linked via a damper 1 57 with a planetary gear 1 20 and first and second 
40 motors MG1 and MG2 (described later). The crankshaft 1 56 is further connected to a differential gear 1 14 via a power 
transmission gear 111. which has a drive shaft 1 12 as a rotating axis. The power output from the power output appara- 
tus 1 10 is thus eventually transmitted to left and right driving wheels 1 16 and 1 18. The first motor MG1 and the second 
motor MQ2 are electrically oonneded to and controlled by a controller 180. The controller 180 indudes an internal con- 
trot CPU and receives inputs from a gearshift positton sensor 184 attached to a gearshift 182. an accelerator positkxi 
45 sensor 1 64a attached to an accelerator pedal 1 64. and a brake pedal position sensor 165a attached to a brake pedal 
165. as described later in detail. The controller 180 sends and receives a variety of data and infomnatton to and from 
the EFIECU 170 through communication. Details of the control procedure induding acommunk;atk)n protocol will be 
desaibed later. 

[0043] Rg. 2 illustrates the structure of the power output apparatus 110 induding the planetary gear 120. the first 
so motor MQI, the second motor MG2, and the controller 180. The power output apparatus 110 primarily indudes the 
engine 150, the planetary gear 120 having a planetary carrier 124 linked with a carrier shaft 127. the first motor MG1 
linked with a sun gear 121 of the planetary gear 120. the second motor MQ2 linked with a ring gear 122 of the planetary 
gear 1 20. and the contrdler 1 80 for driving and controlling the first and the second motors MG1 and MG2. The damper 
157 connects the crankshaft 1 56 of the engine 150 with the carrier shaft 127 to reduce the amplitude of torstonal vtora- 

65 tion of the crankshaft 1 56. 

[00441 Fig. 3 is an enlarged view illustrating the planetary gear 120. the first motor MG1 . and the second motor MG2 
of the power output apparatus 1 10. The planetary gear 120 indudes the sun gear 121 linked with a hoIk)w sun gear 
shaft 125 whk;h the carrier shaft 127 passes through, the ring gear 122 linked with a ring gear shaft 126 coaxial with 
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the crankshaft 156. a plurality of plarretary pink)n gears 123 arranged between the sun gear 121 and the ring gear 1^ 
to revive around the sun gear 121 while rotating on its axis* and the planetary carrier 124 connecting with one end of 
the carrier shaft 127 to support tiie rotating shafts of the planetary pinion gears 123. In tiie planetary gear 120, three 
shafts, that Is, the sun gear shaft 125, the ring gear shaft 126, and the carrier shaft 127 respectively connecting with the 
5 sun gear 1 21 , the ring gear 1 22, and the planetary carrier 1 24, work as input and output shafts of the power. Detern^- 
nation of the powers input to and output from any two shafts among the three shafts automatically determines the power 
input to and output from the resMual one shaft. The details of the input and output operattons of the power into and from 
the three shafts of the planetary gear 120 will be discussed later. 

[0045] A power feed gear 128 for taking out the power is linked with the ring gear 1 22 and an^anged on the skie of the 
10 first nfX>tor MQI . The power feed gear 1 28 is further connected to the power transmission gear 1 1 1 via a chain belt 129. 
so that the power is transmitted t>6tween the power feed gear 128 and the power transmission gear 111. 
[0046] The first motor MG1 is constructed as a permanent magnets-type synchronous motor-generator and includes 
a rotor 132 having a plurality of permanent magnets 135 on its outer surface and a stator 133 having three-phase coils 
134 wound thereon to form a revolving magnetk: fiekj. The rotor 132 is linked with the sun gear shaft 125 connecting 
15 with the sun gear 1 21 of the planetary gear 1 20. Both the rotor 1 32 and the stator 1 33 are prepared by laying thin plates 
of non-directional electromagnetic steel one upon another. When the electric currents are made to flow through the 
three-phase coils 134 for a torque output, the first motor MG1 works as a motor for rotating the rotor 132 through the 
Interactfon between a magnetic fiekJ produced by the permanent magnets 135 and a magnetic fiekl produced by the 
threeishase coils 1 34. When the rotor 132 is rotated by an external power source and electrk: cunrents are taken out of 
20 the three-phase ccxls 1 34. on the other hand, the first motor MQI works as a generator for generating an electromotive 
force on either ends of the three-phase coils 134 through the interaction between the magnetic fiekl produced by the 
permanent magnets 135 and the rotation of the rotor 132. The sun gear shaft 125 is further provkled with a resolver 
139 for measuring its rotational angle 6s. 

[0047] Like the first motor MG1 . the second motor MG2 is also constructed as a permanent magnets-type synchro- 
25 nous motor-generator and includes a rotor 142 having a plurality of permanent magnets 145 on its outer surface and a 
stator 143 having three-phase coils 144 wound thereon to form a revolving magnetic fieW. The rotor 142 Is linked with 
the ring gear shaft 126 connecting with the ring gear 122 of the planetary gear 120, whereas the stator 143 is fixed to 
the casing 119. The rotor 142 and the stator 143 of the second motor MG2 are also prepared by laying thin plates of 
non-directional electromagnetic steel one upon another. Like the first motor MQI , the second motor MG2 also works as 
30 a motor or a generator. The ring gear shaft 1 26 Is further provkJed with a resolver 149 for measuring its rotattonal angle 
er. 

[0048] The controller 180 for driving and controlling the first and the second motor MG1 and MG2 has the following 
configuration. As shown in Fig. 2, the controller 180 includes a first driving circuit 191 for driving the first motor MQI. a 
second driving circuit 1 92 for driving the second motor MG2, a control CPU 1 90 for controlling both the first and the sec- 
35 ond driving circuits 191 and 192. and a battery 194 including a nunri>er of secondary cells. The control CPU 190 is a 
one-ch^) microprocessor including a RAM 190a, which data are temporarily written in and read from, a ROM 190b in 
whidi various control programs are stored in advance, an input/output port (not shown), and a serial communk»tk>n 
port (not shown) through which data are sent to and received from the EFIECU 1 70. 

[0049] The control CPU 1 90 receives a variety of data via the input port The input data Include a rotational angle 68 

40 of the sun gear shaft 125 measured with the resolver 1 39, a rotational angle Or of the ring gear shaft 126 measured with 
the resolver 1 49, an accelerator pedal position AP (step-on amount of the accelerator pedal 1 64) output from the accel- 
erator positk)n sensor 164a, a brake pedal position BP (step-on amount of the brake pedal 165) output from the brake 
pedal position sensor 1 65a. and a gearshift position SP ou^ from the gearshift position sensor 1 84. The control CPU 
190 Is further connected with two ammeters 195 and 196 disposed in the first driving circuit 191 and two ammeters 197 

45 and 198 disposed in the second driving circuit 192. so as to receive observed electrk; cunrents lul and Ivl ffowing 
through the con^esponding phases of the first motor MQI and (Served electric currents Iu2 and Iv2 flowing through the 
corresponding phases of the second motor MQ2. The control CPU 190 is also connected with a battery temperature 
sensor 193 and a remaining charge meter 1 99. so as to receive an observed temperature Tb of the battery 1 94 and an 
observed remaining charge BRM of the battery 194. The battery temperature sensor 193 is actually provkled for each 

60 Of plural cells constituting the battery 194. One representative temperature (for example, one of the maximum temper- 
ature, the minimum temperature, and the mean temperature) is here regarded as the tottery temperature Tb. The rep- 
resenteitive temperature depends upon the application of the power ou^ apparatus 110. The remaining charge meter 
199 may determine the remaining charge BRM of the battery 194 by any known method: for example, by measuring the 
specific gravity of an electrotytk: solution in the battery 194 or the whole weight of the battery 194. by computing the 

BS cun-ents and time of charge and discharge, or by causing an instantaneous short circuit between terminals of the bai- 
tery 194 and measuring an internal resistance against the electric current. 

[0050] The control CPU 190 outputs a first control signal SW1 for driving six transistc^ Tri through Tr6 woridng as 
switching elements of the first driving circuit 1 91 and a second control signal SW2 for driving six transistors Tri 1 through 



8 



EP0 903492 A2 

Tr1 6 working as switching elements of the second driving circuit 1 92. The six transistors Tri through TrS in the first driv- 
ing circuit 191 constitute a transistor inverter and are anranged in pairs to work as a source and a drain with respect to 
a pair of power fines LI and L2. The three-phase coils (U. V.W) 134 of the first motor MG1 are connected to the respec- 
tive contacts of the paired transistors in the first driving draiit 191. The power lines LI and L2 are respectively con- 

5 nected to plus and minus terminals of the t)attery 194. The control CPU 190 outputs the control signal SW1 and 
successively PWM controls the ratio of the ON time of the paired transistors Tri through Ti6. This enat)les the first motor 
MG1 to canry out energy conversksn between the electric power and the power. When the first motor MQI outputs 
power or carries out the power control, the on-off control of the transistors Tri through Tr6 at a predetermined timing 
corresponding to the rotational angle ds of the rotor 132 measured with the resolver 139 causes the electric currents 

10 flowing through the respective phases of the three-phase coils 1 34 of the first motor MG1 to fomi quasi-sine waves hav- 
ing the phase shift of 120 degrees. This generates a revolving magnetic fiekJ on the stator 133 and enables the rotor 
1 32 to be rotated at a predetermined torque and a predetermined revolving speed. When the first motor MG1 regener- 
ates eiectricai energy from the power, on the other hand, the on-off control of the transistors Tri tfirough Tr6 at a pre- 
determined timing corresponding to the rotational angle 6s of the rotor 132 measured with the resolver 139 causes the 

IS three-phase coils 134 to induce three-phase alternating currents having a frequax:y corresponding to the revolving 
speed of the rotor 132. Vm enables the electric power to be recovered in the battery 1 94. The recovered energy works 
as a kKKl or braking force to the out^de structure. 

[0051] The six transistors Tr1 1 through Tr16 in the second driving circuit 192 also constitute a transistor inverter and 
are arranged in the same manner as the transistors Tri through Tr6 in the first driving circuit 1 91 . The three-phase coils 
20 (U, V. W) 1 44 of the second motor MG2 are connected to the respective contacts of the paired transistors in the second 
driving circuit 192. The second control signal SW2 output from the control CPU 190 successively controls the ON time 
of the paired transistors Tri 1 through Tri 6. In the same manner as that of the first motor MG1 and the first driving circuit 
191, the second motor MG2 and the second driving circuit 192 thus freely carry out energy conversion between the 
power and the electric power. 

^ [0052] In the vehicle with the power output apparatus 110 mounted thereon, while the energy balance is kept in a 
predetermined time period, the engine 150 is stationarily driven in a driving range of high driving efficiency and favora- 
ble emission. Torque conversion is carried out under the condition of energy balance, in the case where the torque of 
the drive shaft 1 1 2 does not coincKle with the required torque or in the case where the revolving speed of the drive shaft 
1 12 does not ooinckie with the required revolving speed. By way of example, when the revolving speed of the crankshaft 

so 156 of the engine ISO is higher than the revolving speed of the drive shaft 112 and the torque output from the engine 
1 50 is smaller than the torque of the drive shaft 1 1 2, the torque conversk)n causes the f irst motor MQI to convert part 
of the power output from the engine 150 into the electric power and drive the second motor MG2 with the regenerated 
electric power. When the torque output from the engine 150 is greater than the torque of the drive shaft 1 12 and the 
revolving speed of the crankshaft 156 is kawer than the revolving speed of the drive shaft 1 12, on the other hand, the 

3S torque conversion causes the second motor MQ2 to convert part of the output power of the engine 1 50 into the electric 
power and drive the first motor MG1 with ttie regenerated electric power. 

[0053] In another example, the cbrlve shaft 1 12 is driven while the battery 194 is charged or discharged. In the vehicle 
of the embodiment, the engine 150 is driven while priority is given to the driving efficiency and the emission, and the 
output of the engine 150 is not varied according to the required power for driving the vehicle. The output of the engine 

40 1 50 accordingly does not balance the power required for the drive shaft 1 1 2. In this case, the battery 1 94 is discharged 
to supply the energy in the form of electricity arid supplement the insuffk^iency or is charged to store the energy in the 
form of electrk^. In the case where a large power is required for the drive shaft 1 12. fa example, during acceleratk)n 
or an up-stope drive, the electric power stored in the battery 1 94 is taken out to drive the second motor MQ2. In the case 
where the output of the engine 1 50 exceeds the power required for the drive shaft 1 1 2 or wtiere the braking energy can 

45 be recovered, for example, during a down-stope drive, a low-speed stationary drive, or a braking operation, on the other 
hand, the first motor 1^1 and the second motor MQ2 convert the surplus energy into the electrk; power and store the 
regenerated electrk; power into the battery 194. In this case, the engine 150 may be stopped. Start of acceleration or 
an up-s!ope drive causes the engine 1 50 at a stop to be reactivated. 

[0054] The controller 1 80 executes a starting control routine at the time of a start of the engine 1 50 of the power output 
so apparatus 110. This embodiment controls stop and start of the engine 150 during a drive of the vehicle as descrit)ed 
above. The ON operatk>n of the starter swi^ 179 under the ceased condition of the vehicle also activates and starts 
the engine 1 50. In this case, the first motor MG1 is driven to start the engine 1 50. Rg. 4 is a flowchart showing a starting 
control routine executed when the engine 150 starts under the ceased conditx>n of the vehicle. 
[0055] When the program enters the routine, the opervdose timing of the air intake valve 152 is set to the lag-most 
65 angle at step S20. In accordance with a concrete procedure, the control CPU 190 transmits a setting signal to the 
EFIECU 1 70 through communication, and the EFIECU 1 70 carries out the setting in response to the setting signal. The 
phase of the intake cam shaft is adjusted to make the open-cfose timing of the air intake valve 1 52 the lag-most angle. 
A concrete procedure of the phase adjustment will be described later. Setting the open-dose timing of the air intake 
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valve 152 to the iag-most angle minimizes the loading or the pumping work of the engine ISO seen from the first motor 
MG1. 

[0056] The program then controls the second motor MG2 to be set in a locked state, in order to lock the drive shaft 
11 2 at st^ S30. In order to prevent the ring gear ^ft 1 26 from being driven and rotated by a torque aii^lied to the ring 

5 gear shaft 126 in the process of motoring or aanWng by the first motor MG2, a concrete procedure of step S30 causes 
a constant electric current, which can generate a counter torque in a reversed direction, to flow through the three-ph^ 
coils 144. At siA)sequent step S40. the program sets a target torque STG the first motor MG1. The details of the set- 
ting will be described later with the f towchart of Fig. 5. After setting the target torque STQ of the first motor MQ1. the 
program controls the first motor MG1 , in order to cause the target torque STG to be applied to the sun gear shaft 125 

10 lintod with the first motor MG1 at step S50. Since the ring gear shaft 1 26 is fixed by the second motor MG2, the torque 
applied to the sun gear shaft 125 by the first motor MGI acts on the carrier shaft 127, with the ring gear shaft 126 as a 
counter force. The torque is transmitted to the crankshaft 156 of the engine 150 via the damper 157, so as to motor the 
engine 1 50. The target torque STG of the first motor MG1 is set to rotate the engine 150 at ordinary temperature under 
the condition of no supply of fuel with an increase in revolving speed equal to 25 rpm per 8 milliseconds. 

IS [0057] After the control of the second motor MG2 and the first motor MQ2, the program determines whether or not 
the starting control has been concluded at step S50. The processing of steps S30 through 850 is repeated unta the 
starting control is completed. When the starting control has been concluded, the program exits from this routine. In-e- 
spective of the execution or non-execution of this starting control routine, the controller 180 carries out the control to 
drive the drive shaft 112 at a torque and a revolving speed specified by the driving condition of the vehicle and the 

20 requirement of the driver. The starting control routine shown in Fig. 4 is on the assumptwn that the vehicle is at a stop. 
The second motor MG2 Is accordingly controlled to the locked state not to drive the drive shaft 1 12. In the case where 
the vehicle is at a run, however, the second motor MG2 is driven with the sum of the torque required for driving and the 
torque against the counter force of cranking by the first motor MG1 . 

[0058] The flowchart of Fig. 5 shows the details of the processing at step S40 in the flowchart of Fig . 4 to set the target 
2$ torque STG of the first motor MG1 . The target torque setting routine is executed at every 8 milliseconds by a timer inter- 
ruption. When the program enters the target torque setting routine, the target drive torque STG Of the first motor MQ1 
determined in the previous cycle of this routine is set to a calculated target torque TTG in this cyde of torque computa- 
tion at step S100. At subsequent step S1 1 0, it is determined whether or not a flag FN is equal to one. The flag FN is set 
to one when a revolving speed Ne of the engine 150 has even once exceeded a predetennined value N1 (900 rpm in 
30 this embodiment) during the starting control process. The flag FN is reset to zero at a start of the stating control routine 
and is set by a revolving speed deternttnation routine that is carried out by intenruption and shown in the flowchart of 
Fig. 6. In the revolving speed determination routine of Fig. 6, the pro^m first reads the revolving speed Ne of the 
engine 150 at step S1 12, and then determines whether or not the revolving speed Ne is greater than the predetennined 
value N1 at step S1 14. When Ne > N1. the flag FN is set to one at step S1 16. The flag FN is kept one until the startir^ 
35 control routine is started again. After the revolving speed Ne of the engine 1 50 has even once exceeded the predeter- 
mined value N1 , the flag FN is kept one during the starting control process. 

[0059] In the case where the flag FN is not equal to one at step S1 10, that Is, when the revolving speed of the engine 
150 has not even once exceeded the predetermined value N1 (900 rpm in this embodiment), the program continues the 
processing to cause the first motor MG1 to apply a torque to the crankshaft 1 56 of the engine 1 50 and drive the engine 

40 1 50. It Is then determined at step SI 20 whether or not the gearshift position SP read from the shift position sensor 184 
is in a parking range. The processing of steps SI 20 through SI 28 sets a variation 'a* of the cateulated target torque TTG 
of the f irst motor MG1 according to the conditions of the vehicle. When the gearshift position SP is in the paridng range, 
the program determines that the engine 150 is started under the ceased condition of the vehtele, and sets 1 Nm to the 
variation 'a' of the drive torque of the first motor MG1 at step SI 22. When the gearshift positton SP is other than the 

45 partdng range, on the other hand, the program sets 3Nm to the variation 'a' of the drive torque at step 8124. 

[0060] It is subsequently determined whether or not the revol^nng speed Ne of the engine 1 50 is not less than a pre- 
determined value N2 (700 rpm in this embodiment) at step S126. When the revolving speed Ne of the engine 150 is not 
less than the predetermined value f^, the program determines that the revolving speed Ne of the engine 1 50 is higher 
than the range of possible torstonal resonance and that the drive torque of the first motor MG1 can be reduced. The 

so program accordingly sets -1 .5Nm to the variatton V at step SI 28. When the revolving speed Ne of the engine 150 is 
less than the predetermined value rNl2, on the other hand, the variation 'a' is not changed. 

[0061] At subsequent step SI 30. the program adds the variation 'a' to the cateulated target torque TTG of the first 
motor MG1 at step S130, and restricts the cateulated target torque TTG in the range of 0 to a maximum value STGMAX 
of the drive torque at step SI 40. A concrete procedure sets the maximum value STGMAX to the cateulated target 
55 torque TTG that is greater than the maximum value STGMAX, and sets zero to the cateulated target torque TTG that is 
less than zero. 

[0062] The maximum value STGMAX of the calculated target torque TTG of the first motor MG1 is set depending 
upon a cooling water temperature Tw of the engine 150. Although a concrete procedure of setting the maximum value 



10 



EPO 903492 A2 

STGMAX is omitted, this embodiment reads the mawnuim value STGMAX cx)rresfX)nding to the coding water temper- 
ature Tw from the table shown in Fig. 7. For the simplicity of the setting, this entxxJiment divides the cooling water tem- 
perature Tw Into five sections and sets the corresponding maximum value STGMAX. One possible modification 
minut^y sets the maximum value STGMAX conesponding to the cooling water temperature Tw with the graph shown 
5 in Fig. 8. The typical procedure reads the cooling water temperature Tw from the water temperature sensor 1 74 at the 
start of the stating control process and sets the maximum value STGMAX. 

[0063] The calculated target torque TTG of the first motor MG1 thus determined is set to the target value STG of the 
actual drive torque at step 8150. The program then exists from Htns routine. The main characteristics of this processing 
are that the target drive torque STG is not determined to compensate for a difference between the actual revolving 

10 speed and a target revolving speed and that the calculated target torque TTG is corrected with the variation 'a\ which 
depends upon the gearshift position SP, and restricted in the range of 0 to the nfiaximum value STGMAX. While there 
is a significant difference between the target revolving speed and the actual revolving speed at the time of starting the 
engine 150. a gradual increase in target drive torque STG and limitation of the target drive torque STG to the maximum 
value STGMAX. which depends upon the cooling water temperature Tw. effectively prevent the first motor MG1 from 

15 outputting the excessive drive torque and wasting the electric power of the ban&y 1 94. 

[0064] Fig. 9 is a graph showing the resolving speed Ne and the target torque STG when the engine ISO is at ordinary 
temperature and in the cold. At the time of starting the engine 150. the target revolving speed of the first motor MG1 is 
set equal to 1000 rpm. In the graph of Fig. 9, a broken oirve NeH represents a variation in revolving speed Ne at the 
time of starting the engine 1 50 at ordinary tenperature. whereas a curve of one-dot chain line NeL represents a varia- 

^ tion in revolving speed Ne at the time of starting the engine 1 50 in the cold. A broken curve STGH represents a variation 
in target torque STG of the first motor MG1 in the case where the engine 150 is at ordinary temperature, whereas a 
curve of one-dot chain line STGL represents a variation in target torque STG of the first motor MG1 In the case where 
the engine 150 is in the cold. In this embodiment, the target torque STG of the first motor MG1 is not set according to 
the difference in revolving speed, but is controlled to gradually inaease by an open-loop control (hereinafter referred to 

25 as the ramp control). The curve of one-dot chain line STGL shows a variation in target torque STG when the fuel Injec- 
tion Is not allowed up to 900 rpm. As described later, when the cooling water temperature Tw of the engine 150 is low. 
the fuel injection and ignition control is carried out at low revolving speed. The actual target torque of the first motor MG1 
accordingly does not follow the curve of one-dot chain line STGL This phenomenon will be discussed later in relation 
to the fuel injection control. 

so [0069] The repeated execution of the processing shown In the flowchart of Fig. 5 causes the target drive torque STG 
of the first motor MG1 to gradually increase Irrespective of the gearshift position SP and to eventually reach and be kept 
at the maximum value STGMAX in a division A1 in the graph of Fig. 9. The smaller value is set to the maximum value 
STGMAX for the lower cooling water temperature Tw of the engine 1 50. The revolving speed Ne of the engine 1 50 grad- 
ually increases in the course of this control procedure. When the revolving speed Ne of the engine 150 exceeds the pre- 
ss determined value N1 (900 rpm in this embodiment), the flag FN is set to one in the revolving speed determination 
routine shown in the flowchart of Rg. 6. This results in an affirmative answer at step Si 1 0 in the flowchart of Fig. 5. The 
program accordingly proceeds to step S160. While the processing of steps S120 through S140 determines the calcu- 
lated target torque TTG of the first motor MG1 by the open-loop control, the processing of step S160 determines the 
calculated target torque TTG by the PI control. In a division A2 in the graph of Rg. 9, the program calculates a difference 
40 between the actual revolving speed Ne of the engine 150 and a target revolving speed N* and detemiines the calcu- 
lated target drive torque TTG caresponding to the difference. 

[0066] It is then determined at step SI 70 whether or not the calculated target taque TTG is smaller than the target 
drive torque STG currently used for the control. When the calculated target torque TTG is not smaller than the target 
torque STG previously specified, the drive torque of the first motor MG1 is increasing toward the target revolving speed. 

45 The program accordingly goes to st^ S150 and sets the calculated target torque obtained by the PI control is set to 
the target torque STG used for the control. When the calculated target torque TTG is smaller than the target torque 
STG. on the other hand, the calculated target torque TTG is sut)jected to a variation limiting process at step S180. 
When the revolving speed Ne of the engine 150 exceeds the predetermined value N1 . the difference between the target 
revolving speed and the actual revolving speed decreases to zero, so that the calculated target torque TTG obtained by 
the PI control gradually deaeases. This results In reducing the drive torque of the first motor MG1 . The variation limiting 
process at step S180 prevents the drive torque from being lowered abruptly. WKle the vehicle is at a stop, the second 
motor MG2 is controlled to make the revolving speed of the drive shaft 1 1 2 equal to zero at step S30 in the flowchart of 
Rg. 4 and the engine 150 is driven with the power output from the first motor MG1 . An abrupt decrease in output torque 
of the first motor MQ1 in this state may cause a torque shod^ although the output of the second niotw 

65 led to follow the deaease. This problem may arise when the vehicle is at a drive and the drive shaft 1 12 is rotated at a 
predetermined revolving speed. The variation limiting process for the calculated target torque TTG at step SI 80 pre- 
vents an abrupt change of the torque. The variation limiting process may be implemented by averaging the cunrentiy 
calculated target torque TTG and the target torque STG currently used for the control with sped! ic weights, for example, 
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as given below: 

TTG4-(3xSTQ + TTG)/4. 

6 [0067] As dearty shown in the graph of Fig. 9. the first motor MQ1 is driven with the target drive torque set by the 
predetermined open-loop control until the revolving speed Ne of the engine 150 exceeds the predetermined value N1. 
When the revolving speed Ne exceeds the predetermined value N1 . the target drive torque gradually decreases by the 
PI control. When the engine 150 Is in the cold, the Ngh viscosity of the lulxicant causes the revolving speed not to 
quicKty increase in response to application of the torque. As shown by the curve of one-dot chain line NeL in the graph 

10 of Fig. 9, a relatively long time is required to increase the revolving speed when the engine 1 50 is in the cold. 

[0068] At the time of starting the engine 1 50, the EFiECU 170 cames out the fuel injection and ignition control of the 
engine 1 50. accompanied with the control of the target drive torque. Rg. 10 is a flowchart showing a fuel injection timing 
determination routine executed by the controller 180. The controller 180 permits or prohibits the fuel injection and igni- 
tion control carried out by the EFIECU 1 70 at the time of starting the engine 1 50. The oontroUer 1 80 transmits a permis- 

15 sion or prohibition of the fuel injection and ignition control to the EFECU 170 through communication. When the 
program enters the fuel injection timing determination routine, the controller 180 first determines whether the engine 
1 50 is at a stop or being driven at step S200. When the engine 1 50 has been started and is being driven, the EFIECU 
170 is In charge of the fuel injection and Ignition timing control. The program thus directiy exits from this routine. When 
the engine 150 has not been started yet. on the other hand, the controller 180 successively determines whether or not 

20 the starting control of the engine 150 is under way at step S210 and whether or not the revolving speed Ne is not less 
than an injection-allowable revolving speed SNEF at step S220. Whoi the answer is negative at eitiier one of steps 
S210 and S220, the controller 180 determines that the engine 150 has not yet been in the state that allows fuel injection 
and ignition to the air/fuel mixture and thereby outputs a signal for prohibiting fuel injection to the EFIECU 1 70 at step 
S230. When the answer is affirmative at both steps S210 and S220. that is. when the starting control of the engine 150 

& is under way and the revolving speed Ne is not less than the injectton-allowat)le revolving speed SNEF, on the other 
hand, the controller 180 determines that tiie engine 150 has already been in the state that allows fuel injection and igni- 
tion to the air/fuel mixture and thereby outputs a signal for permitting ttie fuel injection to the EFIECU 1 70 at step S240. 
The EFIECU 170 starts the fuel injection and ignition timing control in response to this permit signal. The actual proce- 
dure measures the rotational angle of the aankshaft 1 56 of the engine 1 50 and canies out the fuel injection and output 

30 of an ignition signal to the air/fuel mixture at a desired timing. 

[0069] The injection-allowable revolving speed SNEF. which is compared witii the revolving speed Ne of the engine 
150 at step S220. is set depending upon tiie cooling water temperature Tw of tiie engine 150. In this embodiment, the 
Irijectionnaliowable revolving speed SNEF is set equal to 800 rpm when the coding water temperature Tw Is not lower 
than 80^C as shown in the table of Fig. 1 1 . The lower injection-allowable revolving speed SNEF is set for the lower cool- 

3S ' ing water tenperature Tw. For the simplidty of the setting, this embodiment divides the cooling water temperature Tw 
into four sections and sets the conesponding injection-allowable revolving speed SfslEF One possible modification 
minutely sets the injection-allowable revolving speed SNEF corresponding to tiie cooling water temperature Tw vtritii the 
graph shown in Fig. 12. 

[0070] Such control enables the fuel injection to start at the lower revolving speed under the condition of the lower 

40 cooling water temperature Tw as shown by a curve of one-dot chain line FL in the txjttom of Fig. 9. As shown by a bro- 
ken curve FH in the graph of Fig. 9. when the engine 150 is rotated at ttie revolving speed of not lower than 800 rpm. 
the fuel ir^ection and ignition control causes immediate combustion of the air/fuel mixture and enables the engine 150 
to be driven at an idle. This results In extremely favorable emission. In order to attain the favorable emission, it is pref- 
erable to set the greater value to the revolving speed at which the fuel injection starts. A relatively long time period m^ 

45 be required to increase the revolving speed when the engine 150 is completely cooled down. In this case, the electric 
power consumed by the first motor MG1 tends to be excessive while the increase in revolving speed Ne of the engine 
150 is waited. The structure of the embodiment allows the EFIECU 1 70 to carry out tiie fuel Injection control at a lower 
revolving speed when the cooling water temperature Tw of the engine 150 Is low and the engine 150 is completely 
cooled down. After the engine 1 50 has been cranked by the first nwtor MQ1 for a certain time period, the fuel Injection 

50 and ignition control starts at a tow revolving speed to cause the immediate combustion of ttie air/fuel mixture and enable 
the engine 150 to start self rotation. This structure effectively prevents the excessive electric power from being wasted 
for cranking. As mentioned above, the curves of one-dot chain line NeL and STGL show the case in which the start of 
fuel injectton is altowed at tiie revolving speed of 800 rpm. As shown by curves of two<Jot chain line NeF and STQF In 
the graph of Fig. 9. tiie processing of Fig. 10 enables the revolving speed of the engine 150 to be qukMy Increase by 

65 the fuel injection arxl the accompanied self rotatton of ttie engine 150. thereby causing tiie required torque of the first 
motor MG1 to abruptiy deaease. This structure effectively prevents the first motor MG1 from being driven over a tong 
time period and wasting the electric power of the battery 194. 

[0071] Once the engine 150 has started, ttie cooling water temperature Tw of the engine 150 increases. In the case 
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where the engine 1 50 is stopped during a drive and then restarted, the fuel injection is allowed after the f iret motw MQ1 
drives the engine 1 50 to the ordinary revolving speed (for example, 800 rpm). Once the engine 1 50 is started, the emis- 
sion at the suljsequent re-start of the engine 1 50 is kept in the extrem^y favorable stata 

[0072] In addition to the above control processes, the structure of this embodiment further candies out a full combus- 
6 tion determination routine shown In the flowchart of Rg. 1 3. When the program enters this routine, it is first detemiined 
at st^ S300 whether or not the starting control is under way. When the starting control is not under way, a timer Ts that 
sets a time period for determining the full combustion is reset to zero at step S310. The program then goes to NEXT 
and exits from this routine. The timer Ts is realized by a variable that is counted up In the full combustion determination 
routine as discussed later. A self-propelled timer incorporated in the controller 180 may be applied for the timer Ts. The 
10 self-propelled timer counts the time immediately after each reset and enables the CPU to read the value of the timer as 
the elapse of time Ts. 

10073] When it is determined that the starting control is under way at step S300. on the other hand, the program incre- 
ments the timer Ts l>y one at step S315 and compares the timer Ts with a preset limit value Tmax at step S320. The 
limit value Tmax Is set according to the remaining charge BRM of the battery 194 as shown in the graph of Fig. 14. The 

15 limit value Tmax increases with an increase In remaining charge BRM of the battery 194. This means that the time 
period for determining the full combustion is lengthened with an increase in remaining charge BRM of the battery 194. 
In this embodiment, the limit value Tmax, which is compared with the timer Ts, is set equal to approximately 10 seconds 
when the remaining charge BRM of the battery 1 94 is 50%. The f irst motor MG1 is thus not continuously driven over 1 0 
seconds at the time of starting the engine 150, in the case where the remaining charge BRM of the battery 194 Is equal 

20 to 50%, 

[0074] Immediately after the start of the stating control operation, the timer Ts is less than the limit value Tmax. The 
answer is accordingly affirmative at step S320 until the limit value Tmax has elapsed since the start of the starting con- 
trol operation. In this case, at subsequent step S330, another timer Tcsc is compared with a preset value Tsst The 
timer Tcsc is set in an interruption routine shown in the flowchart of Fig. 1 5 and is reset to zero at the start of the starting 

25 . control operation. When the target torque STG of the first mota MG1 has a positive value, that Is, when STQ > 0, at 
step S332, the timer Tcsc is decremented by one at step S334. When the timer Tcsc is less than zero at step S336, the 
timer Tcsc is set to zero at step S338. The positive target torque STG implies the state in which the engine 1 50 is exter- 
nally driven by the first motor MG1. When the engine 150 is self driven through the con*ustion of the air/fuel mixture, 
the first motor MGI is not required to continue driving the engine 150, and the target torque STG becomes equal to or 

so less than zero. When the target torque STG of the first motor MGI is not greater than zero, the timer Tcsc is incre- 
mented by one at step 8335 every time when the inten'uption routine of Fig. 15 is activated. In this routine, when the 
target torque STG exceeds zero, the timer Tcsc is not uniformly reset to zero but decremented by one. This is ascriljed 
to the presence of the case, in which the engine 150 is close to the state of full combustion but occasionally requires 
the torque output from the first motor MGI . In this case, the target torque STG fluctuates about zero to have a positive 

35 value and a negative value. The continuous variation of the timer Tcsc enables the stable driving state of the engine 
150 to be readily detected. Another possible procedure immediately resets the timer Tcsc to zero when the target 
torque STG of the first nwtor MGI exceeds zero, and determines the state of full combustion based on the time period 
for which the target torque STG is continuously equal to or below zero. 

[0075] The value of the timer Tcsc is varied according to the target torque STG in the manner described above. Whai 
40 the engine 1 50 falls into the state of full combustion, the value of the timer Tcsc es^entually reaches or exceeds the pre- 
set value Tsst at step S330. The preset value Tsst is specified conesponding to the cooling water temperature Tw of 
the engine 150 as shown in the table of Fig. 16. This embodiment divides the cooling water temperature Tw into three 
sections, and sets a longer time period con^esponding to a lower cooling water t^nperature {5 seconds at the temper- 
atures of not higher than -10*C) and an extremely short time period when the engine 150 is sufficiently warmed (0.3 
45 seconds at the tenperatures of not lower than 80*C). When the engine 150 is in the cold, the decision of step 8330 
changes to the affirmative 5 seconds after the target torque STG of the first motor MGI has become equal to or less 
than zero. When the engine 150 is sufficiently warmed, on the other hand, the decision of step S330 immediately gives 
the aff imiative answer. 

[0076] The program does not perform any processing but goes to NEXT and exits from this routine, until the preset 
60 time Tsst has elapsed since the target torque STG of the first motor MGI became equal to or less than zera When the 
preset time Tsst has elapsed since the target torque STG of the first motor MGI became equal to or less than zero, the 
program determines that the engine 150 is in the state of full combustion at step S340 and concludes the engine start- 
ing control at step S350. When the timer Ts becomes equal to or greater than the limit value Tmax at step S320 before 
the preset time Tsst has elapsed since the target torque STG of the first motor MGI became equal to or less than zero. 
65 it is determined that the engine 150 can not fall into the state of full combustion within the preset time. The program 
aooofdingly determines that there is any cause to prevent a ^art of the engine 150 at step S360 and concludes the 
engine starting control at step S350 before going to NEXT and exiting from this routina 

[0077] In the pro<^ of cranking and starting the engine 1 50 by the first nrx34or MGI , in the case where any abnor- 



13 



EP0903492A2 

mality ocairs in the engine 150 and prevente the engine 150 from tailing into ^e state of full comtxtstion, the aanWng 
time is restricted to the limit value Tmax. which depends upon the remaining charge BRM of the battery 194. This struc- 
ture effectively prevents the first motor MG1 from being driven over a long time period and wasting the electric power of 
the battery 194. When the engine 150 does not fall into the state of full combustion, the structure of the embodiment 

5 cuts off the supply of electridty to the f irst motor MG1 when the time period con^esporKling to the limit value Tmax has 
elapsed. When the driver returns the starter switch 1 79 and resets the ignition key to the start position, the starting con- 
trol starts all over again. In this case, the nunrtber of repetitions of the starting control may be restricted according to the 
remaining charge BRM of the battery 194. When the electric power stored in the battery 194 is not less than a specified 
(e^et, the hybrid vehide drives the second motor MG2 with this remaining electric power to drive the drive shaft 1 1 2 and 

10 make the vehide run a certain distance. In some cases, it is accordingly preferable that further repetition of the starting 
contrd is prohibited before the remaining charge BRM of the battery 194 becomes less than the specified level. This 
enat)!es the v^ide to run to a garage with the residual electric power in the liattery 194 pimp home). 
[0078] The fdlowing gives the summary of the starting control operation of the embodiment described above. 

IS (1) In this embodiment, at the time of starting the engine 150, the first motor MG1 outputs the required torque for 
enabling the revolving ^eed Ne of the engine 150 to quickly pass through the revolving speed range in which tor- 
sional resonance easily occurs. This embodiment does not apply the torque conresponding to the differerwe 
between the actual revolving speed and the target revolving speed of the engine 150 from the first motor MG1 to 
the engine 150. but carries out the ramp control to cause the torque for driving the engine ISO to increase at a fixed 

so ratio per predetermined time period (1 Nm or 3Nm per 8 milliseconds in this embodiment). This structure does not 
cause torsional resonance but still effectively prevents the first motor MG1 from outputting the unnecessarily large 
torque and wasting the electric power of the battery 194 immediately after the start of the engine 150. Compared 
with the conventional ^ructure that specifies the target torque based on the difference between the target revolving 
speed N* and the actual revolving speed Ne. the structure of the embodiment saves the energy mresponding to 

25 the area defined by a solid curve PI and the broken curve STGH in the graph of Fig. 9. 

(2) The maximum value STGMAX of the drive torque applied from the first motor MG1 to the crankshaft 156 of the 
engine 150 is adjusted according to the cooling water tenperature Tw of the engine 150. In the case where appli- 
cation of the torque from the first motor MG1 does not quicMy increase the revolving speed Ne of the engine 150. 
for exanple, when the engine 150 is in the cokJ. this structure effectively prevents the first motor MG1 from output- 

30 ting the excessive torque and wasting tiie electric power of the battery 1 94. This structure also reduces the heat of 
the first motor MG1. Wh^ the engine 150 is completely cooled down and the output of tiie torque from the first 
motor MQ1 only slowly increases the revolving speed of the engine 1 50. this structure saves the energy corre- 
sponding to the hatched area defined by the broken cun^e STGH and the curve of one-dot chain line STGL in the 
graph of Fig. 9. 

35 (3) The structure of the emtKxliment changes the injection-allowable revolving speed SNEF. at which the start of 
fuel injection is allowed, according to the cooling water temperature Tw of the engine 150. When the engine 150 is 
in the cold, the fuel ir^ectton and ignition control starts at a lower revolving speed, and the engine 150 starts at an 
earlier timing through the combustion of the air/fuel mixture. This anangement effectively prevents the electric 
power of the battery 194 from being wastefully consumed. 

40 (4) In tiiis embodiment, when the revolving speed Ne of tiie engine 1 50 exceeds the predetermined value N1 . the 
method of controlling the drive torque of tiie first motor MG1 is changed from the ramp control described in (1) to 
the PI control according to the revolving speed Ne of the engine 1 50. When the engine 1 50 falls into the state of full 
conixjstion. the revolving speed Ne of the engine 150 smoothly shifts to the target revolving speed. In the case 
where the self drive of the engine 150 causes some decrease in revolving speed, the power output from the first 

45 motor MG1 supplements the insuffidency corresponding to the difference from the target revolving speed and 
thereby preventing the engine 1 50 from stalling. 

(5) When the revolving speed Ne of the engine 150 exceeds the predetermined value N1, the drive torque of the 
first motor MG1 is gradually decreased. The embodiment canles out the variation limiting process with respect to 
the target torque STG. This arrangement effectively prevents the drive torque of the first motor MG1 from deaeas- 

so ing abruptly, thereby preventing the occun^ence of a torque shock. 

(6) This embodintent varies the preset time Test for determining the full combustion of the engine 1 50 according to 
the cooling water temperature Tw of the engine ISO. When the engine 150 is in the ooU, a suffkaent time is used 
fbr the full combustion determination before condusk>n of the starting control. This arrangement prevents the 
engine 1 50 from stalling due to the early condusion of the starting contrd when the engine 1 50 is in the coW. 

55 (7) The structure of the embocfiment sets the open-dose timing of the air intake valve 152 to tire lag-most angle, 
pnor to the starting control (see step S20 in the f k>wchart of Fig. 4). This minimizes the k>ading applied when the 
first motor MG1 aanks the engine 1 50. and enables the first motor MG1 to quicMy increase the revolving speed of 
the engine 1 50. This arrangement enables the reviving speed of the engine 1 50 to quteWy pass through the range 
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of possible torsional resonaiKe. 

[0079] This eirtxxliment applies a continuous variable valve tinting (hereinafter referred to as WT) mechanism for 
the mechanism that changes the valve timing as described In {7). Fig. 1 7 illustrates this WT mec^nism. The air intake 

6 valve 152 is generally opened and closed by a cam attached to an intai« cam shaft 240, whereas an exhaust valve 159 
is opened and dosed by a cam attadied to an exhaust cam shaft 244. An intake cam shaft timing gear 242 connecting 
with the intake cam shaft 240 and an exhaust cam shaft timing gear 246 connecting with the exhaust cam shaft 244 are 
linked with the cranl^aft 156 via a timing belt 248. in order to enable the air intake valve 152 and the exhaust valve 
159 to be opened and closed at a timing corresponding to the revolving speed of the engne 150. In addition to this con- 

10 ventional structure, in the WT mechanism, the intake cam shaft timing gear 242 and the intake cam shaft 240 are con- 
nected with each other via an oH hydraulic WT pulley 250. The WT pulley 250 is provided with an OCV 254. which is 
a control valve of the Input oil pressure. The WT pulley 250 includes a combination of variable p*»tons 252 that are 
movable along the axis by the oil pressure. The oil pressure is supplied from an engine oil pump 256 to the WT pulley 
250. 

1$ [0080] The foltowing describes the operation principle of the WT mechanism. The EFECU 1 70 determines the open- 
close timing of the air intake valve 1 52 according to the driving condition of the engine 1 50. and outputs a control signal 
to control the on-off operation of the OCV 254. The oil pressure Input into the WT pulley 250 varies in response to the 
control signal and thereby moves the variable pistons 252 along the axis. The variable pistons 252 have threads formed 
obliquely relative to the axis, which cause rotation of the variable pistons 252 with the movement along the axis. The 

20 rotation varies the angle of the intake cam shaft 240 and the intake cam shaft timing gear 242 linked wHh tiie variable 
pistons 252. This results in varying the open-close timing of the air intake valve 152 and thereby changing the valve 
overlap. In this embodiment, the WT pulley 250 is provided only for tiie intake cam shaft 240 and not for the exhaust 
cam shaft 244, so ttiat the valve overlap is controlled by regulating the open-close timing of the air intake valve 152. 
[0081] The starting control of the engine 150 utilizes tiiis WT mechanism and causes tiie EFIECU 170 to set ttie 

^ open-cfose timing of the air intake valve 1 52 to the lag-most angle and thereftjy increase the valve overlap. This reduces 
the loading (pumping work) of the engine 150 seen from the first motor MQ1. 

[0082] Although this embodiment applies the WT mechanism, the mechanism that changes the valve overlap Is not 
restricted to the WT mechanism. One available mechanism, for example, applies oil hydraulw valves that do not use 
the cam but directiy open and dose in response to the al pressure for the air intake valve 152 and tiie exhaust valve 
so 1 59 and regulates the oil hydraulic valves to change the valve overlap. 

[0083] Although not being described in detail in the above embodiment, the open-close timing of the air Intake valve 
152, which is set to tiie lag-most angle prtor to the starting conti-ol, is regulated in response to a control requirement of 
the EFIECU 170 after the revolving speed Ne of the engine 150 passes tiirough the range of possible torsional reso- 
nanca 

ss [0064] The following describes a second embodiment according to the present invention. The second enrbodiment 
carries out a control procedure that is fundamentally sintilar to that of the first embodiment. The difterence from the first 
embodiment is that the limit value Tmax of the time period for tiie full combustion detemnination is corrected based on 
the cooling water temperature Tw of the engine 150. In the first embodiment described above, ttie preset time Test for 
the full combustion determination is lengtiiened for the tower cooling water temperature Tw of the engine 1 50 as shown 

40 in the table of Fig. 16. This prevents the engine 1 50 in the coU from stalling. The maximum time Tmax for aanking the 
engine 150 by tiie first rnotor MG1 depends upon the remaining charge BRM of tiie battery 194 but is independent of 
the cooling water temperatu'e Tw. 

[0089] The starting control apparatiK for the internal combustion engine In the second embodiment, on the other 
hand, stores a map representing a relationship between a correction coeffk»ent low and the cooling water temperature 

45 Tw Of the engine 150 as shown in the graph of Rg. 18. In the full combustion determination routine shown in the fkiw- 
chart of Fig. 13, ttie second embodiment reads the correction effteient kw corresponding to the obsen^ed cooling water 
tenperature Tw of tiie engine 150 from this map and corrects the limit value Tmax witii the correction efficient kw as 
Tmax 4- kw • Tmax at step S318. prior to the determination of the time elapse at step S320 as shown in the ftowchart 
of Fig. 19. The maximum time Tmax of the time period for tiie full combustion detemvnation Is accordingly set tonger 

50 for ttie tower cooling water temperature Tw of the engine 150. that is. tiie poorer startability of the engine 150. The 
engine 150 is cranked for a tonger time pertod when ttie engine 150 is in ttie coW ttian ttiat when ttie engine 150 Is at 
ordinary temperature. This arrangement improves the startability of the engine 150 in the cold. 
[0066] One preferable modification of the second embodiment measures ttie temperature Tb of ttie battery 1 94 witti 
the battery temperature sensor 193 and connects the remaining charge BRM of the battery 194 based on tiie observed 

65 battery tenperature Tb. In general, the remaining charge BRM of the t>attery 194 represents the amount of suppliable 
eiedrto power. The remaining charge BRM is computed by the software through tiie charge and discharge of tiie battery 
194. The tenperature Tb of the battery 194 is regarded as constant for the computation of ttie remaining charge BRM, 
At ttie time of starting ttie engkie 150. however, ttie battery 194 may be completely cooled down and tiie catouiated 
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remaining charge BRM may be deviated from the amount of suj^iaWe eI«Aic power at the time of starting the engine 
150. The modified structure accordingly measures the battery temperature Tb and corrects the remaining charge BRM 
of the battery 194 based on the observed battery temperature Tb. so as to cause the limit value Tmax to be varied 
according to the amount of the suppltable electric power. Fig. 20 shows a map representing the relationship between 
5 the battery temperature Tb and a correction coeffident M>. Like the second embodiment this modified structure reads 
the con'ection coefficient kb from this map and conrects the remaining charge BRM with the correction coefficient ld> as 
BRM kb • BRM. The limit value Tmax, which depends ifX)n the remaining charge BRM of the battery 194 as shown 
in the graph of Rg. 14. is accordingly corrected based on the battery temperature lb. 

[0087] This modified structure corrects the remaining charge BRM of the battery 1 94 based on the temperature Tb of 
10 the battery 1 94 and tfius enable the electric power that is suppliabie from the battery 194 to be accurately estimated. 
When the remaining charge BRM of the k>attery 1 94 is expected to be sufficient, the first motor MGI can be driven over 
a relatively long time period, which assures the accurate ftdl combustkm detenmination. This arrangement prevents 
cranking of the engine 150 from being stopped uniformly in^espective of the surplus remaining charge BRM of the baX- 
tery 194 and ensures the appropriate starting control of the engine 150. This structure accordingly prevents the waste 
75 of electric power. 

[0068] This modified structure directly measures the temperature Tb of the battery 194 with the battery temperature 

sensor 193. The temperature Tb of the battery 194 under the ceased condition of the vehicle may be estimated from 
the cooling water temperature Tw of the engine 150. In this case, ttie correction coefficient kb is determined con-espond- 
ing to the coding water temperature Tw of the engine 150. According to the experimental measurement, when the vehi- 
20 cle was left overnight outdoors at the temperature of about •25''C. the temperature Tb of the battery 194 was 
approximately -IS^'C whereas the cooling water temperature Tw of the engine 150 was towered to -aS'^C. In the case 
where the cooling water temperature Tw of the engine 150 replaces the temperature Tb of the battery 194. it is prefer- 
able that tiie cooling water temperature Tw is corrected to a little higher value. 

[0069] As dearly understood from this experimental nfieasurement when the energy suppliabie from the battery 194 
25 at the temperature of *25'*C is greater than the energy required for starting the engine 150 at the temperature of ^5*^0 
(that is, the integrated power consumption of the first motor MGI), the engine 150 can t)e started even in the odd as - 
25*^0. the remaining charge BRM of the battery 1 94 under the ceased condition of the vehide should thus be regulated 
to satisfy tills condition. Even when the engine 1 50 is completely cooled down, the temperature of the battery 1 94 is not 
as low as the temperature of the engine 150 as shown by the experimental measurement. The stfjptiable energy from 
30 the battery 194 increases witii an Increase in temperature, and the required energy for starting the engine ISO 
decreases with an increase in temperature. The energy difference corresporKling to the temperature difference is 
accordingly the surplus energy of the t)attery 194 at the time of starting tiie engine 150. 

[0090] The following describes a tiiird embodiment according to the present inverrtion. The starting control apparatus 
for the intemal combustion engine in the third embodiment has the same hardware structure as that of the first enrtxxl- 
ss iment. The difference from the first entxxiiment Is the method of determining the cranking time at the time of starting 
the engine 150. Rg. 21 is a flowchart showing a full conrtbustion determination routine carried out in the third embodi- 
ment. The program first determines whether or not the starting control is under way at step S400 like the first embodi- 
ment shown in Fig. 13. When it is determined that the starting control is not under way at step S400, an integrated 
amount of electric power WP representing the Integrated amount of electric power taken out of the battery 194 for start- 
ed ing the engine 150 is reset to zero at step 8410. 

[0091 ] When it is determined that the starting control Is under way at step 8400. on the other hand, tiie program inte- 
grates a power consumption P(t) of tiie battery 194 since the start of tiie starting control operation and sets the inte- 
grated power consumption P(t) to the integrated amount of electric power WP at step 8415. The power consunption 
P(Q of the battery 194 is obtained as the product of the voltage of the battery 194 and the electric cunrents measured 
45 with the ammeters 195 and 196. The voltage of the battery 194 is regarded as constant. The full combustion detennnl- 
nation routine is ececuted at predetermined time intervals. A simple procedure accordingly measi^es the electric cur- 
rent flowing from the battery 194 to the first motor 1^1 and integrates the observed electric cun-ent Another possible 
procedure utilizes a hardware structure to detect the integrated power consumption P(t) by the first nriotor MGI since 
tiie start of the starting control operation. 
so [0092] Tbe program subsequentiy sets an upper limHWPnfiax by multiplying a preset value WPO by 

ficient kwb at step 8418. The correction coefftolent kwb is read corresponding to the t>attery temperature Tb measured 
with the battery temperature sensor 193, for example, from a map shown in Fig. 22. The conrection coeffk:ient kwb has 
a positive conrelation witii the battery temperature Tb as showm in Rg. 22, so tfiat the smaller value {<1) is set to the 
correction coefficient kwb at the tower battery temperature Tb. 
65 [0093] The integrated amount of electrto power WP, whk^ is the summation of the power consumption P(t). is then 
centred witti the upper limit WPmax at step 8420. Immediately after the start of the starting control operatton. the 
integrated amount of electric power WP is small and the decision of step 8420 gives the affirmative an wer. In this case, 
tiie program determines vvhether or not the timer Tcsc is rxit less than the preset value Test at step 8430 in the same 
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manner as step S330 of the first embodiment The timer Tcsc is set according to the routine of Rg. 15 as described 
previously. The timer Tcsc starts in^easing when the target torque STG of the first nrxjtor MG1 becomes equal to or 
less than zero, that is. when the engine 150 starts self driving. When the engine 150 falls into the state of full combus- 
tion, the timer Tcsc becomes not less than the preset value Test at step S430. 

5 [0094] Like the full combustion determination routine of the first embodiment shown in Fig. 1 3, in the full combustion 
determination routine of the third embodiment, the program does not perform any processing but goes to NEXT and 
exits from this routine, until the preset time Test has elapsed since the target torque STG of the first motor MG1 became 
equal to or less than zero. When the preset time Test has elapsed since the target torque STG of the first motor MGI 
became equal to or less than zero, the program determines that the engine 150 is in the state of full combustion at step 

10 S440 and concludes the engine starting control at step S450. When the integrated amount of electric power WP 
reaches or exceeds the upper limit WPnr^ at step S420 before the preset time Tsst has elapsed since the target torque 
STQ of the first motor MGI became equal to or less than zero, it is determined that the engine 150 can not fall into the 
state of full combustion within the preset time, which is allowable based on the power consumption of the battery 1 94. 
The program accordingly determines that there is any cause to prevent a start of the eigine 150 at step S460 and con- 

15 eludes the engine starting control at step S450 before going to NEXT and exiting from this routine. 

[0095] In the process of cranking and starting the engine 1 50 by the f rst motor MGI . in the case where any abnor- 
mality occurs in the engine 150 and prevents the engine 150 from falling into the state of full combustion, the cranking 
time Is restricted to prevent the integrated anfx>unt of electric power WP of the battery 194 from exceeding the upper 
limit WPmax. This staicture effectively prevents the first motor MGI from being driven over a long time period and wast- 

20 i ng the electric power of the t)attery 1 94. The third embodiment carries out the same control as that of the first enrtbod- 
iment except this full combustion determination and thereby has the effects of (1) through (7) described in the first 
embodiment. 

[0096] The third embodiment does not specif icaily take into account the remaining charge BRM of the battery 1 94 to 
set the upper limit WPmax. In the hybrid vehicle of this embodiment the charge and discharge of the battery 1 94 is con- 
25 trolled to keep the remaining charge BRM of the battery 194 within a certain range during a run. The starting control is 
thus performed on the assumption that the remaining charge BRM of the battery 194 is within the certain range at the 
time of starting the engine 150. One possible modification measures the remaining charge BRM of the battery 194 and 
sets the upper limit WPmax based on the observed remaining charge BRM. 

[0097] The starting control of the engine 1 50 is described in the first through the third entxxiiments. In the hybrid vehi- 
30 cle. it is advantageous that the full combustion of the engine 150 is determined according to the value of the target 
torque STG of the first nx>tor MGI that is linked with the engine 1 50 and cranks the engine 1 50. The time period for the 
full conrtxjstion detennination may be fixed or varied according to the remaining charge BRM or the temperature Tb of 
the t)attery 194 or the integrated amount of electric power WP taken out of the battery 194. For convenience of expla- 
nation, the various methods of determining the time period for the full combustton determlnatton are desaibed sepa- 
35 rately. It is, however, practical to determine the comprehensive specification of the hybrid vehk^le as the combination of 
these methods. 

[0098] By way of example, it is practical to determine the time period for the full combustion determination compre- 
hensively by combining the results of plural decisions separately canied out: 

40 (1) whether or not the integrated amount of electric power WP taken out of the tjattery 194 has reached or 
exceeded the upper limit WPmax as described in the third embodiment; 

(2) whether or not the time period Ts since the start of the starting control has reached or exceeded the limit value 
Tmax as described in the first embodiment; 

(3) whether or not the driver operates the starter switch 1 79; and 

45 (4) whether or not the batt^y 194 is not under the condition of an ak>rupt decrease in output voltage, an excessive 
increase in output electric cuaent or an excessive decrease in remaining charge BRM. 

After the end of the preset time period for the full combustion determination, the SMpply of electricity to the first motor 
MGI is stopped. The preset time perkxl for the full combustion detemiinatx)n accordingly protects the battery 194. In 

60 the above example, the higher prtority may be given in the reverse sequence, that is, <4)-(3H2)-(1). This gives the first 
prkx-ity to the protectk>n of the battery 1 94 and the next priority to the requirement of the driver. The battery 1 94 in the 
hybrid vehicle is oocaaonally used as the energy source for driving and thereby has the high density and high perfcvm- 
ance. The lowered performance of the battery 194 thus directly affects the driving perfonrance of the vehfda A high 
cost is required for the replacement of the battery 1 94. It is accordingly desirable to give the first priority to the protection 

65 of the battery 1 94. In the case where the hybrkJ vehicle has another battery specifically used for starting, the first priority 
may be given to the requirement of the driver. 

The sequence of prkKity may be varied according to a variety of conditbns. The battery 194 stores the elec- 
trical energy in a chemical form, so that the properties of the battery 194 are significantly affected by the temperature. 
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Another preferable structure accordingly changes the sequence of priority based on the temperature Tb of the battery 
194. By way of exam^e, when the temperature Tb of the battery 194 is not higher than -lOX. the time period for the 
full combustion determination Is set vAxWe the first priority is given to the protection of the battery 194. When the tem- 
perature Tb exceeds -10'*C. the control procedure determines that the battery 194 has the sufficient electric power and 
5 preferentially shortens the time of starting control. When the temperature Tb exceeds -1 0°C. a higher value is set to the 
cranking torque STQ, in order to increase the revolving speed of the engine 150 quicWy. In this case, the time p&\o6 
Tmax for the full combustion determination can be shortened. 

[0100] In the above embodiments, when the engine 1 50 has not fallen into the state of full combustion wmn the pre- 
set time, it is detemrtined that there is some abnormality of the engine 150 (for example, st^ S360 in the flowchart of 

10 Fig. 13). When the engine 1 50 is in the extreme cold, the low viscosity off the lubricant and the significantly low starta- 
bility may prevent the engine 1 50 from falling into the state of full combustion by the one cycle of starting control. In this 
case, it Is not practical to determine the abnormal state of the engine 150 immediately In the actual procedure, the 
abnomial slate of the engine 150 is thus determined when plural cycles of starting control still fall to make the engine 
150 in the state of full combustion. Another possible applicatton sets the number off cycles off starting control before 

1$ determination of the abnormality of the engine 150 based on the cooling water temperature Tw of the engine 150. When 
the revolving speed of the engine 1 50 does not Increase at all or is lower than a preset lower limit, the type of possible 
abnormality may be burn-out of the engine 150. When the revolving speed of the engine 150 shows an abnormal 
increase ratto, the type of possible abnormality may be a damage of the crankshaft 1 56. 

[01 01 J In the structure that computes the integrated amount of electric power WP in the starting control operation as 

20 described in the third en^iment. when the integrated amount of electric power WP shows a significant drop of the 
remaining charge BRM of the battery 194, the type of possWe abnormality may be abnormality of the battery 194. 
[0102] The structure and the functtons of the starting control apparatus for the internal con*ustion engine are 
described above according to the variety off conditions. The process of determining the target torque STG of the first 
motor MG1 is described in detail with the f tawchart of Fig. 5. The control procedure off the first motor MG1 to attain the 

2S output of the target torque STG from the first motor MG1 has, however, not been speclffcally described in the above 
emtoiiments. The following describes the control procedure of the first motor ^^1 . Control of the first nxrtor MG1 
inplies control of the electric currents flowing through the three-phase coils 134. After setting the target drive torque 
STQ of the first motor MG1 , the controller 180 calculates target electric currents kll * and Iql* off the f irst motor MG1 
from the target drive torque STG and then computes voHages Vul, Vvl. and Vwl applied to the three-ph^ coils 134 

30 Of the first motor MG1 at step S50 in the flowchart of Fig. 4. 

[01 03] The control of the first motor MG1 follows a control routine off the first motor MG1 shown in the f towchart of Fig. 
23. When the program enters the control routine of Fig. 23. the control CPU 190 first reads the rotational angle Bs of 
the sun gear shaft 125 detected by the resolver 139 at step S520, and detects values of cunroits lul and Ivl ftowing 
through the U phase and V phase of the three-phase coils 134 In the first motor MG1 with the ammeters 195 and 196 

35 at step S522. Although the cunrents naturally flow through all the three phases U. V, and W, measurement is required 
only for the currents passing through the two phases since the sum of the currents is equal to zero. At subsequent step 
S524, the control CPU 1 90 executes transformatton of coordinates (three-phase to two-phase transformation) using the 
valu^ of currents f towing through the three phases obtained at step S522. The transfamation of coordinates maps the 
values of currents f towing through the three phases to the values of curents passing through d and q axes in the per- 

40 manent magnet-type synchronous motor and is executed according to Equation (1 ) given below. The transformatton of 
coordinates is carried out because the currents flowing through the d and q axes are essential for the torque control in 
the pennanent magnet-type synchronous motor. Alternatively, the torque control may be executed directly with the cur- 
rents flowing through the three phases. 



[01 04] After the transformation to the cunents off two axes, the control CPU 1 90 computes deviations off currents Idl 
60 and k^l actually f towing through the d and q axes from current command values W1 * and Iql * off the respective axes. 

whfch are cateulated from the target drive torque STG off the first motor MG1, and siA>sequentiy determines voltage 

command values Vdl and Vql with respect to the d and q axes at step S526. In accordance with a conaete procedure, 

the control CPU 190 executes arithmetic operations of Equattons (2) and Equations (3) given below. In Equattons (3). 

Kpl , Kp2, Ki 1 . and Ki2 represent coeff icients, which are adjusted to be suited to the characteristics off the motor applied. 
65 Each voltage command value Vdl (Vql) includes a part in proportton to the deviation Al from the current command 

value r (the first term on the right side of Equation (3)) and a summation of historical data of the deviations Al for V times 

(the second temn on the right side). 



45 
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A/cfi e idr-m 

« (qV'fql (2) 

5 Vtfl = Kp'i • A/cf1+EK/1 -A/dl 

Vq1 s /^2 • AlqULKi2 • A/q1 (3) 

[0105] The control CPU 1 90 then re-transforms the coordinates of the voltage command values thus obtained (two- 
10 phase to three-phase transformation) at step S528. This corresponds to an inverse of the transformation executed at 
step SS24. The inverse transformation determines voltages VIjI . Vvl , and Vwl actually applied to the three*phase coils 
134 as expressed by Equations (4) given below: 



15 



rW/ln fzr cosOs -sinOs ir^*^**! 
LwiJ'° V3Lcos(es-120) -sin(es-120)jLl/QlJ 



Vw^ =-Vi;1-W1 

20 [0106] The actual voltage control is accomplished by cn-off operation of the transistors Tri through Tr6 In the first driv- 
ing circuit 1 91 . At step S529. the on- and off-time of the transistors Tri through Tr6 in the first driving circuit 1 91 is P WM 
(pulse width modulat'on) controlled, in order to attain the voltage command values Vul. Vvl, and N/W1 determined by 
Equations (4) given above. 

[0107] The control of the second motor MG2 is fundamentally identical with the control of the first motor MGl shown 
^ in the flowchart of Fig. 23 and is thus not specifically described here. The difference from the control of the first motor 
is that the target torque in the control of the second motor MQ2 is the sum of the torque to be output to the drive shaft 
1 1 2 (which is equal to zero when the vehicle is at a stop) and the counter force of the cranking torque by the first motor 
MQ1. 

[0108] Figs. 24 and 25 are nomograms showing a variation when the engine 150 is motored by the first motor MGl. 

so The nomogram of Fig. 24 shows the state in which the engine 1 50 is at a stop and the vehicle is driven only by the power 
output from the second motor MQ2. The nomogram of Fig. 25 shows the state in which the engine 150 is motored by 
the first motor MG1 . In the state of Fig. 23, while the engine 150 is at a stop, the second motor MG2 outputs a torque 
Tm2 to the ring gear shaft 126 to drive the vehicle. In the state, the sun gear shaft 125 fe rotated to revolve the rotor 
132 of the first motor MGl . The torque of the first motor MGl is. however, equal to zero, so that the first motor MGl is 

35 neither in the regenerative operation nor in the power operation. 

[0109] When the starting control operation is performed in this state, the first motor MGl outputs the drive torque cor- 
responding to the target torque STG to the sun gear shaft 125. and the second motor MG2 outputs the sum of the drive 
torque Tm2 and an additional value STG/p to the ring gear shaft 126. The value p denotes the ratio of the number of 
teeth of the sun gear 121 to the number of teeth of the ring gear 122 in the planetary gear 120 and expressed by Equa- 

40 tion (5) given below: 

_ Number of teeth of sun gear 
^ ^ Nimiber of teeth of ring gear ^ ' 

4S 

[0110] Application of the torque to the sun gear shaft 125 breate the balance shown in Fig. 24 and thereby causes 
the crankshaft 156 of the engine 150 to start rotation. The revolving speed of the crankshaft 156 continues increasing 
until a torque Tml (s target torque STG) output from the first motor MG1 to the sun gear shaft 125 balances a division 
(torque Tes) of a resistance (torque Te) to the sun gear shaft 125. The resistance (torque Te) against the rotation of the 
50 engine 150 includes the sliding f rictfon of the piston 155 and the compressive work of the engine 1 SO. A division <torque 
Ter) of the resstance (torque Te) to the ring gear shaft 126 balances an increase (STG^p) in torque Tm2 of the second 
motor MG2, so that the torque output to the ring gear shaft 126 has no change. 

[0111] The respective elements of the power output apparati^ 1 10 used as the starting control apparatus of the 
present invention may have a variety of oonf iguratfons other than those described above. For example, pemfianent mag- 
es nets (PM)-type synchronous motors are used as the first motor MGl and the second motor MG2 in the embodiments 
discussed above. Any other motors which can implement both the regenerative operation and the power operatk^n. 
such as variable reluctance (VR)-type synchronous motors, vernier motors, d.c. motors, inductfon motors, supercon- 
ducting motors, and stepping nwtors, may. however, be used according to the requirements. 
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[0112J Transistor inverters are used as the first and the second driving circuits 191 and 192 in the above enbodi- 
ments. Other available examples include IGBT (insulated gate bipolar mode transistor) inverters, thyristor inverters, 
voltage PWM (pulse width modulation) inverters, square-wave inverters (voltage inverters and cunr^it inverters), and 
resonance inverters. 

5 [01 13] The battery 1 94 may consist of Pb cells. NiMH ceils. Li cells, or any like cells. A capacitor may be used in place 
of the battery 194. 

[0114] In the above embodiments, the crankshaft 156oftheengine150islinkedwithther^anetarygear120,thefirst 
motor MG1, and the second motor via the damper 157 and the carrier shaft 127, and the first motor MG1 motors 
the crankshaft 156 of the engine 150. One possible nxxlifk^tion ^ a power output apparatus 210 shown in Fig. 26. In 

10 the power output apparatus 210. while a transmission IM is set in a neutral position, a clutch CL1 and a clutch CL2 
attached to a planetary gear PG are engaged. A crankshaft CS of an engine EG is accordingly connected to a motor 
MG via a damper DNP and the planetary gear PG. in order to be nwtored by the nxitor MG. In this power output appa- 
ratus 210. a process of changing the transmis^on TM to the neutral position (step S500) and a process of engaging the 
clutches CL1 and CL2 (step S501) shown in Fig. 27 are carried out prior to the starting control routine in the flowchart 

IS of Fig. 4. The subsequent processing is fundamentally identical with that shown in the f towchart of Fig. 4. 

[OUSl The principle of the present invention is applicable to any structure that causes a motor to drive a crankshaft 
of an engine. For example, the present invention is applicable to another power output apparatus 310 shown in Fig. 26. 
where the crankshaft CS of the engine EG is connected with the motor MG only via the damper DNP. 
[0116] The present invention is not restricted to the above embodiments or their modifications, but there may be many 

20 other modifications, changes, and atterations without departing from the scope or spirit of the main characteristics of 
the present invention. For example, tiie starting control apparatus for tiie internal combustion engine may be mounted 
on otiier transportation means like ships and airplanes as well as a variety of industrial machines. 



Claims 

1 . A starting control apparatus for an internal combustion engine that rotates said internal oombustlon engine. whk:h 
is connected via a damper with a rotating shaft of a motor driven by a battery, with said motor so as to start said 
internal combustion engine. sakS starting control apparatus comprising: 

30 a startabiiity detection unit that detects a parameter r^ating to startability of sakl internal contxjstion engine: 

and 

an output torque restriction unit that restricts an output torque of said motor for rotating said internal combus- 
tion engine to a smaller value, in response to lower startability of sakJ internal combustion engine specified 
from the parameter det^ed by said internal combustion engine startabiiity detection unit 
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2. The starting control apparatus in accordance with daim 1 . saki starting control apparatus further comprising: 



a starting-time fuel supply control unit that starts a supply of fuel to said internal combustion engine at a lower 
revolving speed, in response to the lower startability. 

3. The starting control apparatus in accordance with claim 1 . wherein the parameter relating to the startability of sakl 
internal combustion engine correlates to temperature of saki internal combustion engine. 



4. The starting control apparatus in accordance with daim 1 . sakJ starting control apparatus further comprising: 



a full comtxi^ion determination unit for detern^ning tiiat saM internal combustion engine is in a state of full 
combustion, based on a driving condition of sakJ internal combustion engine: 

a time count unit for detemnining that a predetermined time period has elapsed since a start of aanking sakl 
internal combustion engine by saM motor; and 
so a starting control discontinuance unit that cuts off a supply of electricity from sad battery to saU motor and 

once stops starting contrd of sad internal combustion engine, when sad full combustion determination unit 
determines that sad internal combustion engine is not in the state of full combustion while sad time count unit 
determines that the predetermined time period has elapsed. 



55 5. The starting control apparatus in accordance with daim 4, wherein sad fuB combustion determination unit com- 
prises a torque detection unit tiiat measures an actual output torque of sad motor as the driving condition of sad 
internal combustion engine, and wherein sad full combustion determination unit determines that sad internal com- 
bustion engine is in the state of full combustion when the actual output torque measured by sad torque detection 
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unit has a negative value. 

6. The starting control apparatus in accordance with clam 4, said starting control apparatus further comprising: 

a time period setting unit that sets a greater value to the predetermined time period, which is a target of the 
determination by said time cojnt unit, in response to the lower slartabilrty of said internal comkxistion engine 
specified from the parameter. 

7. The starting control apparatus in accordance with claim 4. said starting control apparatus further comprising: 

an electric power estimation unit that estimates an amount of electric power suppliable from said battery: and 
a unit that sets a greater value to the predetermined time period, which is a target of the determination by said 
time count unit, for the greater amount of estimated electric power. 

8. The starting control apparatus in accordance with claim 7, wherein said electric power estimation unit comprises a 
unit that measures a tenperature of saW battery and a unit that conrects the estimated value of suppliable electric 
power to a larger value at the higher battery temperature. 

9. The starting control apparatus in accordance with claim 4, said starting control apparatus furtiier comprising: 

an electric pow©- integration unit that integrates electric power consumed by said battery since the ^art of 
aanking, 

wherein said time count unit determines that the predetermined time period has elapsed when the integrated 
electric power reaches a preset reference value. 

10. The starting control apparatus in accordance with daim 9. said starting control apparatus further comprising: 

a battery temperature measuring unit that measures a temperature of said battery: and 

a unit that corrects the preset reference value, which is used for the determination by said tinne count unit, to a 

smaller value at the lower battery temperature measured by said battery temperature detection unit 

1 1. The starting control apparatus in accordance with daim 1 , said starting control apparatus further comprising: 

a unit that adjusts an open-close timing of an air intake valve of said internal combustion engine, in order to 
lower an effective conpression ratio of said internal cwnbustion engine, at a time of starting said intemal com- 
bustion engine. 

12. In a hybrid vehide having an internal combustion engine, which is connected via a damper with a rotating shaft of 
a motor driven by a battery, a starting control apparatus that starts said internal combustion engine witti said motor, 
said starting contrd apparatus comprising: 

a torque control unit that controls an output torque of said motor, based on a relationship between an output 

torque of said internal combustion engine and a torque required for said drive shaft; 

a torque detection unit for detecting that the output torque of said motor has a negative value; and 

an supply of electricity limiting unit that causes said torque detection unit to carry out the determination while 

said motor aanks said intemal combustion engine, and limits a supply of electricity from a battery to said motor 

when the output torque of said motor does not have a negative value. 

13. The starting control apparatus in accordance witti daim 12, said starting control apparatus further comprising: 

a time count unit for determining that a predetermined time period has elapsed Since a start of cranking said 
internal combustion engine by said motor, 

wherein saM supply of electricity limiting unit causes said torque detection unit to carry out the determination 
at a specific time point when said time count unit determines ttiat the predetemnined time period has elapsed, 
and cuts oft a supply of electrldty from said battery to said motor, so as to stop the cranking of said iritemal 
combustion engine, when the output torque of said motor does not have a negative value at the specif time 
point 
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14. The starting control apparatus in accordance with claim 13. said starting control apparatus further conprising: 

a startability detection unit that detects a parameter relating to startabiiity of said internal combustion engine; 
and 

5 a time period setting unit that sets a greater value to tfie predetermined time period, which is a target of the 

determination by said time count unit, in response to the lower startabiiity of said internal combustion engine 
specified from the parameter. 

15. T starting control apparatus in accordance with daim 13, said starting control apparatus further comprising: 

10 

an electric power estimation unit that estimates an amount of electric power 6uppliat)le from said Ijattery; and 
a unit that sets a greater value to the predetermined time period, which ^ a target of the determination by said 
time count unit, for the greater amount of estimated electric power. 

IS 16. The starting control apparatus in accordance with daim 15. wherein said electric power estimatton unit comprises 
a unit that measures a temperature of said battery and a unit that corrects the estimated value of suppliable eledric 
power to a larger value at the higher fc)attery temperature. 

17. The starting control aiparatus in accordance with daim 13. said starting control apparatus further comprising: 

20 

an electric power integration unit that integrates electric power consumed by said battery since the start of 
cranking. 

¥vherein said time count unit determines that the predetermined time period has elapsed when the integrated 
electric power reaches a preset reference value. 

18. The starting control apparatus in accordance with daim 1 7. said starting control apparatus further comprising: 

a battery terrperature measuring unit that measures a temperature of said battery; and 
a unit that corrects the preset reference value, which is used for the determination by said time count unit, to a 
30 smaller value at the lower battery temperature measured by said battery temperature measuring unit. 

19. The starting control apparatus in accordance with daim 12. said starting control apparatus further comprising: 

a unit that adjusts an open-close timing of an air intake valve of said internal combustion engine, in order to 
3$ lower an effective compression ratio of said internal combustion engine, at a time of starting saxJ internal oom- 

txjstion engine. 

20. A method of starting an internal combustion engine, vvhich is connected via a damper with a rotating shaft of a 
motor driven by a battery, said method comprising the steps of: 

40 

(a) detecting a parameter relating to startabiiity of said internal combustion engine; arri 

(b) restricting an output torque of said motor for rotating said internal combustion engine to a smaller value, in 
response to lower startabiiity of said internal combustion engine specified from the parameter deteded in said 
step (a). 

45 

21. In a hybrid vehide having an internal comt)ustk)n engine, which fe conneded via a damper with a rotating shaft of 
a motor driven by a battery, a method of rotating said internal combustion engine with sakl motor so as to start said 
Internal combustion engine, sakJ method comprising the steps of: 

50 controlling an output torque of sakf motor, based on a relationship between an output torque of said internal 

combustion engine and a torque required fa said drive shaft; 

detecting that the output torque of said motor has a negative value while saki motor crante said internal com- 
bustion engine; and 

cutting off a supply of electrk:ity from a battery to said motor when the output torque of sakJ motor does not 
55 have a negative value. 

22. A starting control apparatus for a hybrid vehide. whk^h starts an internal combustion engine in a hyt)rid vehcle that 
takes out power of sakl internal combustion engine in an electrical form and outputs power of a motor at least to a 
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drive shaft of said vehicle, said starting control apparatus a>nprising: 

a motor that aanks said internal combustion engine at a start of sakJ internal combustion engine: 

a starting-time fuel supply unit that controls a supply of fuel to said internal combustion engine, simuftaneously 

with cranking of said internal contxjstion engine by sakil motor; 

a startability detection unit that detects a parameter relating to ^artability of said internal combustion engine; 
and 

an output torque restriction unit that restricts an output torque of said motor for rotating said internal combus- 
tion engine to a smaller value at the time of cranking, in response to kiwer startability of said internal combus- 
tion engine ^df led from the parameter. 

23. A starting control apparatus for a hybrW vehicle, which starts an internal combustion engine in a hybrid vehkde that 
takes out power of saxJ internal combustion engine in an electrk:al form and outputs power of a motor at least to a 
drive shaft of said vehicle, said starting control apparatus comprisirH}: 

a motor that ^anks said internal combustion engine at a start of sakJ internal combustion engine; 

a starting-time fuel supply unit that controls a supply of fuel to said internal con*ustion engine, simultaneously 

with cranking of said internal combustion engine by sakl motor; 

a torque control unit that controls an output torque off said motor, based on a relationship between an output 

torque of said internal combustion engine arxi a torque required for saM drive shaft; 

a torque detection unit for detecting that the output torque of sakJ motor has a negative value; and 

an electricity cut-off unit that causes said torque detection unit to cany out the determination while sakj motor 

cranks saki internal combustion engine, and cuts off a SMpply of electricity from a battery to saci motor when 

the output torque of said nrK>tor does not have a negative value. 
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Fig. 4 
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Fig. 6 
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Fig. 7 
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Fig. 13 
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an earlier timing, thereby saving the electric power con- 
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